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produci ng di enes by hydrodi nmeri zation The present
i nvention relates to a process for preparing
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4%5c%%noﬁ%lk%ﬁﬁ%eﬁw%ag%aﬁ £fod, 3- butadiene with

formc aci St “precursor”  used is
(PPh3) PdC12 which is reduced under the reaction
cordictko8s speﬁd‘;fi ed. pfbﬁaﬂ[r@UCt Dpt-addiedilkeBed  from
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3¢¢Ssslbe¢%hﬁlﬁmm¢ﬁﬁpsapub@e@®¢iQnﬁthe use of catalysts |

based on paIIadlun1MAth phosphi ne Ilgands for the

p ratlon of 1,7-oct.adi ene._The hes l e
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arln 7-.0Ct om. 1, 3- but adj ene
P SR AR ) CBE B O . 5320 "' U e fagium
adelipleyed | y wéthri beshasmhimse of ligands, to  give -
1,6~octadiene. It is likewise stated that, in 'a_
reaction of 1,3-butadiene w1th formic ac1d in dimethyl-

formamide and in the presence of an Li,PtCl, catalyst,
up to 80% of 1,7-octadiene is formed.

Roffia et al. describe, in J. Organomet. Chem. 55
(1973) 405-407, likewise the reaction of 1,3-butadiene
with formie acid. The catalyst precursor used is
{(PPh3)PACLl, which is redﬁced. under the reaction .
conditions specified. The product obtained is a mi$ture
of 1,3,7-octatriene, 1,7-octadiene and 1,6-octadiene.



pal | adium plati numor rhodiumon an inert support

“material as a cocatalyst. 15 EP 0 007 666 Bl |ikewi se

“describes a process - for preparing 1, 7-octadi ene from

1, 3-but adi ene in the presence of a palladi um phosphi ne
catalyst; this process features the use of formates as
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or ganophosphorus 25
conpounds, f or exanpl eor ganophosphoni t esor
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dlalk% SUI§§ gldes nd dlalk¥ r.mam.des, % 4§%

AHSenBEPHFV R bASES 35" Fhe D lﬂ%]gq’}?%ﬁ?é’&n?pe 199985 | BRE
DEs3@.24 877 Al and DE 30 24 878 Al describe a process
for hydrodlner|2|ng 1, 3-but adi ene to 1, 7-oct adi ene by

mean | 1 adi - 3- pho phi ne cat st, the
r@ﬁhgiﬁ84a6§§fghs%ﬂyzﬁ?ﬁb(HVH “odefitoleg Lot process
hyfdrogererearibon ldi7exkcdedienxe ufeom The3pubtadimwe in the
S@%‘s@hEét' o PE 3Q, 24 %Eilé'dﬂﬁs ﬁéé’&ﬁr% S PlEEgsYst.
for yg gdaner|2|g§ adlene to 1, 7-qctadiene b
g BPTGA TR | 2 brobh | neeBriPsE i . Péuci
ageifaditme, sgleenhuusesk behndiam axygen- commi nengport

nhgggggglnggnggwgggl yafter the distillative renoval
of the 1, 7-octadi ene, Ythe 10 cat al yst - cont ai ni ng

dlstlllatlon bottons are returned to the
hgar odDoreré&fatdlon. 1iRwvimeb| | dwcrideeci fd capraredsE 3for
36r@8§r descfidas A ReOCeSenl Of ,BLERRLAIGhA! kafli e

I meri zi ng
presence of a v palladium-phosphine catalyst; this

process features the use of formates as a reducing

‘agent.

EP 0 012 472 and EP 0 012 475 disclose a process in
which 1,7-octadiene is prepared in the presence of a

" palladium catalyst and tertiary organophosphorus

compounds, for example - organophosphonites or
organophosphinites . ox mixtures thereof, from

1,3-butadiene and formic acid or formates.

EP 0 008 139 Bl describes a process for preparing

1,7-octadiene from 1,3-butadiene in the presence of a

palladium catalyst, tertiary phosphines and of a

solvent selected from dialkyl .sulphoxides and

dialkylformamides; in the absence of a base.

The two published specifications DE 30 24 877 Al and
DE 30 24 878 Al describe a process for hydrodimerizing

1,3-butadiene to 1,7-octadiene by means of a palia@ium—



15 1, 3-butadi ene or isoprene in the presence of a

pal | adi um or plati num catalyst in a sul phol ane
solution, the reacti.on mxture conprising tertiary

al kyl am ne formates and phosphi ne conpounds. Here too,

"the catalyst is renoved after the hydrodinerization
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and 2 urned to the hydrodi neriz
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exanple 1, 3-but adi ene, in the presence of a reducing
agent and of a pall adi um phosphinite 25 catalyst. In
t bkospisiae yicetdsyeot, 94thie) ofedyctiadi engent e weddl evasdng
thg},@wgény & at Beadodatladoana: bl 88 Riktle EP 0 704
417 A2 describes a process for preparing 30 octadi enes
from 1, 3-butadiene and formic acid in the presence of
a 1bﬁlpuhhyahedtapysifheamnqy.gﬁb§@h@ﬂu§79|@ﬁﬂdﬂ§cn1hes a
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n%ﬁ?ﬁﬁ%ﬁh?&?#&ﬁmef'%% Yoy pall adi umand platinum

compounds; SO I nc ng Pd(0) conpounds with carbene
| i gands. Suitable carbene Iigands nentioned include
1, hedipaisthedt efecification DE 30 34 098 Al describes a
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for telonerizing non-cyclic olefins having at | east

tye conpspadiedct douakaecbﬂwés W thenucl gopdid Rsichhe of

c ﬁgl&st used beln ]pariaghgﬂ%_arbene . CO Iex 25 A
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oRES3F BT THY ent? fp‘t‘ﬁ’e - TERE-PHodtt =it
béVrng®a m xture of a plurality of conpounds as shown’
by Reacti on.Schene 1.

EP 0 704 417 A2 describes a process for preparing
octadienes from 1,3-butadiene and formic acid in the
presence of a palladium catalyst having phosphorus

 ligands, the pressure of the system being not more than
the vapour pressure of the butadiene. The quantitative
ratio of 1,7-octadiene to 1,6-octadiene in the product
ig 89:11.

DE 101 49 347 Al discloses a process for preparlng

l-octene in a two-stage process. In the flrst step, -
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2+ R1L X H [cat.] D eneNucl eophile, Rl X React i on
Schenme 1 -5- The main products forned in a

tel onerization are 1-substituted 2, 7-octadienes; the
by- products fornmed here are 3-substituted

1, 7-oct adi enes. \Wen tel onerizati on cat al yst s nodified

W th carbene [igands 5 are used, ratig

prv&lu?cqoat/ ?F’Broduct of up to 98:2 a?g ZE?}%&QD“MO
(Chem Eur. J. 10 (2004) 38%1-3900). In .contrast, in a
hydr odi neri zati on, two equival ents of an ol efin having
cdh$hga¢@dieuablésbondsvarbe@onMQrtth]ipﬁa$emn§ of a
prt?e?ﬁﬂcfe?cl‘%fat@oﬁe g sROeahg aceor di r&d&ﬁ@%&@éﬁt to
Scheme Céﬁ'% cat.] Reacti f]{: 15 The
redemor‘F&agé@ﬂ? usRd® § |eHEr|§§t oh~ REFREE Ss 15
h}piam:g,eﬂlm owiddepenabed heocdsecoénd orive helehast zZEtd on

%tege%sc&bﬁego Q%Qduﬁhm&%dsed 4 516N bONhod s um,
dIOXI The main product of hydr odi ner.i'zati on of

2@aﬂls&dﬁaﬁlaapén@lﬁ§lﬁuf? sewaa also including Pd(0)

compounds with carbene llgands. Suitable carbene
ligands mentioned include 1,3—disubstitutéd
2,3-dihydro-1H-imidazol-2-ylidenes, 1,3-disubstituted
4,5-dihydro-1H-triazol-5-ylidenes and, in some cases,
2,3—dihydrothiazol—Z—ylidenes.

WO 2005/047217 and WO 2005/047218 each disclose a
process for preparing l-octene in a two-stage process.
In the first process step, l,3—buﬁadiene is converted
in the presence of a palladium complex which comprises
one or more trisubstituted monodentate phosphorus
compounds and of a hydrogen donor in an aprotic polar

. solvent to 1,7-octadiene.

DE 101 28 144 Al discloses a process for telomerizing
non-cyclic olefins having at least two conjugated
double bonds with nucleophiles, the catalyst used being

a palladium-carbene complex.:

A telomerization is understood to mean the reaction of
olefins with conjugated double bonds in the presence of
nucleophiles. The products formed are compounds which
are formed from two equivalents of the diene and one
eguivalent of the nucleophile, the product being a
mixture of a plurality of compounds -~ as shown by

Reaction Scheme 1.

2 /\/ + R1—X—H —[c;T MX\R1 /\WX’R1

Diene Nucleophile X R1

;f\J/\VJ\¢¢

Reaction Scheme 1



The processes for hydrodi merizing 1, 3-butadi ene to
1, 7-octadiene in the presence of phosphorus-nodified
pal | adi um catal ysts have | ow productivity (TON), 25

activity (TOP) and/or selectivity, these being defined

as follows: TON = n(product)/n{catalyst) or 30TOP =

duct )/ tal yst)*t Sel ectivyi =
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sensitive and are easily oxidized to the corresponding
neriteayv alagmt - plmodphbs usfepeed esin Wai cliell smaxtaipam edre

by - surtirudgact s vatd Ay Rfenbhe catal yst rtgﬁbﬂgst GFormed
Se

“their high th |
oRRor Ue=Roa: f Ped B Hekain carayoe SR T or e

wittdl atlishrfizetioy aatainsiust modl fiedrvichw tdriearege igands
| Q3PS Al, AChEYOLYor R AGWHI) tBNBSPhI gy a0 exPto

are reduced er_the reaction COﬂdItIOﬂ

hy@:dderer peRE o t CHSHmEFer fal 1Y LA b|%§9E §900) .

i ntermedi ates. Wen palladiun1conplexes are nodified
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t 0 whi ch can be handl ed better,
%ﬁg€¥%gﬁlﬁgg%ﬁ%§%lson to the trlalkylphosphlnes a

significantly poorer selectivity in the 15

hydr odi neri zation. In the prior art processes, these

phesph e/'appopmﬁﬁDQre“added.%fn\jubiguk<¥yﬁm¥ig@gion
in excess. In-the handl ing)of Phosphonites and

phosphinites too in industrial scale plants,

precauti onary neasures have to be tmkfRiocsi BeRehdESE
20 conpounds are hydrol ysis- and acid-sensitive. The
use of formc acid or formc acid derivatives in the
hytdeodiedercingt agenhasisedc dnr es pbyndi odjinerddesice ekfwes
OﬁosghIﬁkﬁgbght%r@@1@g93p99n%5% Qbse of formlc acid as

inite-nodified falysts It was therefore_an

ospéctr@cﬁuqlﬁl@ RIS theerﬂq-&ﬁoéacpsr A bF o£8ELon
faﬁoﬁﬁe@armhg sabat isrodadtoo fundubstydudddtherization of
1,7 d ygradiggeLzation, which features
S|n%l# %ﬁ%§%§1uﬁgqo? ﬁg catal yst and also a 30 high
catalyst productivity. In particular, high

sehect prbtéeseaM tior egardtodambbez stupstl fatedta@iene to

“Ts%'b Lid Ieg-ﬁeat 14 ogladi %@g 3985 lfbst%%%eﬂdpeeﬁ%dgghafnea

beén oun surpri |ng
uRabbadiwut edata VDl ePPHE cdfWbe FOSHSFEHIEY  (TON),

hydt 06 81 (ZOMY HOA/ Sy CéTedlBfitys Raiseg batinbedetihe
cggjggfgg%gﬂouble bonds in the presence of a reducing

" TON = n(product)/n{catalyst) or
_ TOF = n(product)/[n(catalyst)*time]
Selectivity = n{(product)/[n(product) + n(by—products)}.
Generally, trivaient phosphorus compounds are oxygen-

sensitive and are easily oxidized to the corresponding

pentavalent phosphorus species, which is accompanied by
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agent and of a catalyst by a novel process, wherein
the - 7 - catalyst used is a netal-carbene conpl ex
whi ch has a netal of group 8 to 10 of the Periodic’
Tabl e and at | east one carbene |igand. The process
according to the invention has an inproved selectivity

ook, 2OBBCBoPRBTG 1 CCace aocor ti ng | BCHTB TUAEREAY

for exanple in the hydrodi-mri-zati on of 1, 3-butadi ene
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1 RBEREERBst S hasasr M Phes car O@ﬁsasl Fh@@bhizlié/s, this
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cgf’ﬁfnﬁstacbrrjd’&cf:?{??bfls S0 VHRED 1Rt |s<?rjreﬁF6V?d Y the
pﬂodesstéd&ew&eparmngaSEbsph¢$nhmhmﬂ unsudst i t owedver,
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nghelfapﬁﬁg ne, C%EB%%#&ME hﬁéo ﬁegéiegélwa»mé tRe

Perio and at ast one car bene
| PYdREdHre iR tOPuct i e the :_prl@roraﬂt RYOceSfINNKRRSE
RﬁhoEﬁhfﬁﬁ%bemﬁbundéﬂdrd]3&&&@(6@ the hydrodimerization

in excess. In the handling of phosphonites and
phosphinites too in industrial scale plants,
precautionary'n@asures have to be taken, since these
compounds are hydrolysis- and acid-sensitive. The use
of formic acid or fofmic acid derivatives in - the

hydrodimerization has a correspondingly adverse effect
on the stability of_phosphonite or phosphinite-modified
catalysts. '

It was therefore an object of the present invention to
provide a process for preparing substituted ‘or
unsubstituted 1,7—diolefins by hydrodimerization, which
features simplified handling of the catalyst and also a
high catalyst productivity. In particular, high
selectivities with regard to the substituted or

unsubstituted 1,7-octadiene should be achieved.

It has been found that, surprisingly, substituted ox
unsubstituted 1,7-diolefins can be prepared by
hydrodimerizing non-cyclic olefins having at least two
conjugated double bonds in the presence of a reducing

agent‘and of a catalyst by a novel process, wherein the
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where: R, R2= -(CH2)n-B =

nmono- or polycyclic aryl group having 6 to 14 carbon

atoms or nono- or polycyclic heterocycle having 5 to
14 carbon atons and heteroatons, where this
het erocycle has 1 to 3 heteroatons selected fromthe

grQup nd S, =0-4 R3, R4, R5 and R6=
hyH?o%éﬁ?iﬁqggpgheteroaryl aryl, - %EKEFF°°7/°55540
- 000- al kyl, -000-aryl, -OCOJakaI OOO aryl,
-OOOO-aIkyI, OOOO-aryI, - CHO, -CI}aJkyI,
CCaradystNH2sed\NHL ¢ abk yletal-Natheky | FoRpNek (ahyth has a
N(R& ¥4 1) Z%fogﬁghpmﬁr td tIh(p'beEﬁe N@%aod&@r ﬁ@%@tgyland at
- er.e roups have 0
i LT B B L R g e
anmvetm:mbélast aenumpmvemesd'ﬁamdlm typeamy allsigghee

fo&efctqv%ydgsoﬂ%a%apwl ﬁ!r aéPEmb'r%cE'sQQs ard the
substit uent s™ of e R1 and %/eare he sane ar

difFAET & ATHBI s iBs FRE UL BYSDY Uhrs LT | XA S dd Ehe
t H@rcmmmeﬁ:ueatmmf ofhel RB;bRbdikheandi B0 ttppriar eacid,

Lfferent ar.e_subst hhHt (o]
urhISee 2 AT PLe fud | 61 PBLoRR0, ALfiaf 181 bbY) Sdnohs
asrqq;ézregdugpngaﬁ :éqﬂlar,v\@t was found that, in the case
2008/ M¥B558PCTEERRDDIZ85654dr She | ﬁohheycpl:o:cesﬂeflns_

aCLQI 't%g t@rgﬂe %ﬂ&?ﬂt!e%p fpgl B&Fpagh&gystable N~oxyl

stitutedl
hy@cddrher i FPAGLIRBNABGRIEE Sﬁeﬁaﬁélﬁﬁglﬁﬁeaﬁeﬁ€é§?dtW8
5 wapargabed doubhe b@ﬁdSofn4Phéerbﬁfyﬁnhﬂﬁbh®l - the

r %‘i‘é%' € Q.ECQPQILIIQ goC %E %a‘mrt nG-C at»PchrBé%FreES € ghﬁs,

a neta ca ene co X Whi ¢ s a netal
1PTOCeEhe PREL®EF C q%blEh%ndp%?c¢%%ﬁnaQﬁﬂ¥dé§€beﬁ@ the
|u@&&dtmbntheeatﬁuéﬁureo& 2y-3roBudt 10 fohhtion. The

process according to the invention thus has a higher
process reliability compared to prior art processes,

and also a high catalyst productivity.

The invention' provides a procesé for preparing
substltuted or unsubstituted 1,7~ diolefins by
hydrodlmerlzlng non-cyclic oleflns having at least two
: conjugated double bonds in the presence of a reducing
agent and of a catalyst, characterized in that the
catalystv used 1is a metal-carbene complex which has a
metal of group 8 to 10 of the Periodic Table and at
least one carbene ligand of the structure 1, 2, 3 or 4 _



Ri?N,-7-N, N ( ReR4 (2) (3) RE N2\ RN=---- 2 -N (4)
15 20 25 where: RI, = -(C1l12)r-P = nono- or

pol ycyclic aryl group having 6 to 14 carbon atons or
nono- or polycyclic heterocycle having 5 to 14 carbon
atons and heteroatons, where this heterocycle has 1 to
3 heteroatons selected fromtdhe group of N, 0 and S,
but preferably nonocyclic aryl group having 6 carbon
atons, =0-4, preferably 0-1, nore preferably O,

Ry R4
Rs Re (1) R3 Rq Q)
R
Rj Ry N
R R 3) Ré @
where:
Ri, R = - (CHy),-B
B = mono- or polycyclic aryl group

having 6 to 14 carbon atoms or mono- or polycyclic
heterocycle having 5 to 14 carbon atoms and
heteroatoms, where this heterocycle has 1 to 3
heteroatoms selected from the group of N, O and S,

n = 0-4

R;, Ry, Rs and Rg = hydrogen, alkyl, heterocaryl,
aryl, -CN, -COOH, -COO-alkyl, -COO-aryl, -0CO-alkyl,
OCO-aryl, -0C00-alkyl, OCO0-aryl, —-CHO, -CO-alkyl,
-CO-aryl, -NH,, ~NH (alkyl), -N{alkyl)., NH (aryl),
~N{aryl),, -F, -Cl1, -Br, -I, -0OH, -C¥Fs, -NO,,
-ferrocenyl, -SOsH, —-POsH,, where the alkyl groups have
1 to 12 carbon atoms and the aryl groups 5 to 14 carbon
atoms, and the substituents of the R; and R; type may

also be part of a bridging aliphatic or aromatic ring,

and the substituents of the R; and R, type are the same or
different and are substituted or unsubstituted, and the
substituents of the R;, Ry, Ry and R type are likewise the
same or different and are substituted or unsubstituted and

formic acid and/or formates are used as the reducing agent.



R3, R4, R5 and R6= hydrogen, alkyl, heteroaryl, aryl,
-CN, -COOH, -000-al kyl, -000-aryl, -OMalkyl, OCCaryl,
- 0C00-al kyl, COO-aryl, -CHO -CO al kyl, -COaryl,

-NH2, - NH( aI kyI ), -N(al kyl)2, NH(aryl), -N(aryl)2, -F,
-d, - Br, CF3,-NO2, ferrocenyl,-5031-1,-P03H2,

8 a?aﬁéé groups Tave L 10, 12 SR RS2,

substituents of the R3 and- R4 -type may al so be part of
a bridging aliphatic or aromatic ring, and the
substituents of the Rl and R2 type are the. sane or

diff enentapdsar §c§é'3.b<§.11ﬂd WELEHRr 1uosHbséh t#:2GhredRding
the suhstituents of the R4. R5 and 1§B8¥E$ are

HEUERE sad or ‘Hﬁ?begrtéﬁfltgﬂd a in%d oPY
uﬁ&ahsﬁnmatedramdnémﬁ¢HQiunnqiqﬁmmbomaﬁgngaaes1aﬁetu$wd

as%de gheddCispr fgeBbnal Nihheneontextr ok B@' 2 reduc:.ng
i nvention, substituted orunsubstltuted 1, 7-di ol efins

arfgSRhdEPSt 86d 3t 62RBEARS tonpst nEREY Sthaiserl dét gr g2l
Rgexrbene cBeRléx (Shiclonkagasboatatl onf orowa hél ogehld of

-9 9Up, Pe%BQEFaII‘EKlghEQEi RE- 1e'a% a Jpar tc'a(f%leﬁé ligand of
embod t he

10

15

20

14 carbon atons. 15 |

odi ment rocess accor |ng to the I nvention,
tﬁ@ehéFéPcE%¥%éhe orfpPEx&s have carbene |igands with
substituents of the Ry, Ry, R3, R4, R5 or R6 type,
whi ch have at | east one substituent fromthe group of
H -CN, -COOH, -000-alkyl, -OOO aryl .. -000- al kyl,

OCO & Ikyl, 0C00-ary, -CHQ - 10" al kyl ,
COa}ﬁyLIN/\& /,(.M?NH{al kyl ), -N(é\k ) 2, NKH(ary1), Y

-N(aryl) -d, -Br, -1, -OH - NC2,
-ferregenyl , Q3H, -POBFQ wher e kyl groups
contain

t oRgl2 carboE)atonB andrghe ar ym, gr oups, ﬁ to
t he process according to Q e

i nvention, preference is given to using netal -carbene

conpl exes whi ch have a netal selected from nickel

rhodi um pal-l adium and/ or the netal. However,

partigul ar eference is given to 20 using
netargEanﬁéﬁéﬁﬁonplexes whi ch haﬁe\pﬁkréﬁkunﬂﬂs t he

metal . | n\the/context of this invention, /parbene
Ilgand§ R />#::N
4 .

Rs R @) RS 0

where: -
Ri, Ry . = ~{CHx}n-B
B , = mono- or polycyclic aryl
group having 6 to 14 . carbon
atoms or mono- or polycyclic
heterocycle having 5 to 14
carbon atoms and heteroatoms,
where this heterocycle has 1
to 3 heteroatoms selected from
- the group of N, O and S, but
-preferably monocyclic aryl
_ _ group having 6 carbon atoms,
n . - = 0~-4, preferably 0-1, more -
- preferably 0, '



understood to nean both free carbenes which can 25
function as |igands and carbenes coordinated to the
netal. In the process according to the invention,
preference is given to using netal -carbene conpl exes

whi ch have at | east one carbene |igand selected from
structures 1 to 4 where R3 to R6 = hydrogen. The

netal - 30 carbene conpl exes used preferably have at

| east one carbene |igand of -the stPucture 2 where R3

and R4 are each hydrogen. Particular preference is

gi ven t oRusifag Retaid dar bens byApPetes ahkdh nbekezgaryl,
| east one carbene |igand okriyhe Stonyct+omH, WEI®E-arkyl,
R4 are each 35 hydrogen and and , Where_n, =0, _
and B are each a phenyl or §E§96§f¥¥%etﬁ@ﬁ%h82§¥l’ 0co
group. - 12 - Exanpl es of acxit bemePdqQraddylnnhi @F¥P0-aryl,
correspond to the general stgyglurescd-orkyh, and-co-aryl,
conpl exes whi ch contain such_|igan re.alrea
described in the technical FN?@raf%ﬁgagﬁyk?’FbFﬁﬁ%ﬁle)z’
C. Kbcher, Angew. Chem 5 18B7arg¢Dp, 2R3ZryAhgew;F, -Cl,
Chem Int. Ed. Engl. 1997, 3g, 2163; V.RgN Bof®), -no,,
C.WK. Gstettmayr, T. Véskang, WA. Herrmann, J.
Organomet. Chem 2000, 595, ~A18BrO¢En¥4 47 TB5f: 10 Fhee
catal yst netal, which is preherabktyepallkatli grvaps hatd 1
whi ch the active catal ysts Egrna%nq%%b%ge Leakt i Uhg  the
conditions, can be introduced into the process

according to the invention @avkardu¥Psways: ta5 ¥ ) cagbon
a pal | adi um car bene conpl exataher eaidiecpal dshtiuents of
present preferably in the (J]J r (0 Xi dat i

states, b.) in the form of El?%clg?s’%lr% F@réc%pﬁhl%%ﬁ F%g’o l?e
catal ysts 20 are forned in gattu. othia dzadpéndorpd ippatic
wi dening the |igand sphere oF byoyieakiReagyp bridge
structures, proceeding fromnetal salts or neta

conpl exes. A further possibility is the exchange of

| i gamdshehiseibstdaneinnat efonheh®; cand rid typealadey thire same
car . 1dsS. f Q.. [ ts KNG and
palcﬁzgfluénf( .'an(?/ngir,5 "’g‘;ﬁeﬁ&. u qzldlt)%cgc?\&egllm&g%%tl_(&g%a' and
partfiec uFaPs bt R EhcOLi stE v&ar t RausiFrg paFI & U9 ) are
acatiadesi spaldhadisaid 1 9r adef féacet oaat eaaadsobstituted or
bi [ L.den e pal.l.adi > e

1 SERABEEE LA CRRGT R BT 3, Wby TERGRERCRES used
f ol dhef redusirgenr@entor as netal conpl exes, or '
obtained in situ fromcarbene precursors. Suitable

carben recursors are, for exanple,.salts of .t N ?
caFBengggofch?ﬁ§?ur8§ 5L$bs8 l@%%n lon’_ Sd%StEQgted or
200850085 50RCTA EPROD7A D555%ins ke understood to mean -

compounds of the structure 9:

Ry Ryy

(9)

where Ry to Rp are each independently an alkyl group,
which in particular has 1 to 4 carbon atoms, preferably



(7) Y- RRNMR2 (8) where the substituents of the Rl to
R6 type are each as defined in the structures 1 to 4,
and Y is a singly charged

ani oni cgr oupor, accordi ngtothe 5 .st0|ch|onetry, a
proportionate amount of a multiply charged anionic:

g f&szQd@(/%'EB'S% of Y are halides, hydpagensul phat8.,q-

alkylsulphates aryl sul phateglber at es, hydrogen- 10
car bonat e, car bonat e, al kyl car boxyl at es, aryl -
caPBoXyFAERSE  1AtoMs peFsi Bl e hedogeheagEothe especially

cosiBspenrdi ng carbenes fromthe salts of the carbenes,
for exanple, by reaction with a base. Suitable bases

~are, for exanple, netal hydrides, netal alkoxides, 15

10

15

20
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ca?rbomy@alf’@t@allllaeft egbodiment caf boky| presssEalordihdeso
ortHetialyhydeaxi ges. mé@b@.—@:‘%&e' %oﬁbg&é/s deprnderbene

: f. b |
c g]?f‘?ﬁ aé@?@s i gﬁ eg‘ék?%%itgl‘?l@esg Pfe ﬁhggtR%a'o 1"%2 |r ﬁgn %H’ o"5PY056

oy, b‘alsﬂecl‘pehanel etof lemtal oner efersibltnedts fior500De
m&roﬁor&f pref eeabl v.cdof, th’i%Qarmblof RapeaPei, ”Qb@o—
J&{% i s _al so 855| le to usoe a m xture of
Pases. ~OC0qzalkgt, + PEOPs5EY L on lﬁ%& ure
|9\lka'tl th@osaml ofNH: he-1y e B Iner -2 titepli n Nhle(aryl),

pr_@q@§§1§%cordyng test he ngentLgn Qbﬁfer allgy 0. Qo,,
referentially. O 1000 ppMm noré’

- pr E@é?gﬁ??y%' 1 t%jogf)o pP™4nd §fepr%t?eer oy 1l 850489

ppenthhnalpapt il8ulcarbenbedomentndf thheapybcessups 5 to

aqeotdingnto-dufte invention, this concentration of the
catalyst may be 1 to 50 ppm The ratio Dnol/nolj of

carbene ligand to netal is preferably 0.01:1 to 250:1,
pief ethablpro@essl at@ordid@0td, ter eirpreefranabl préférém)ce

20519: 708 €ar hefey | hoand Labhe SRk Eedst @il nave a

reaction Ln
metal selected from nickel, rhodium, palladium and/or

the metal. However, particular preference is given to
" using metal-carbene complexes which have palladium as

the metal.

In the context of this invention, carbene ligands are
understood to mean both free carbenes which can
function as ligands and carbenes coordinated to the
metal. In the process according to the invention,
preference is given to using metal-carbene complexes
which have at least one carbene ligand selected from
structures 1 to 4 where R3 to Rs = hydrogen. The metal-
carbene complexes used preferably have. at least one
carbene ligand of the structure 2 where R; and R; are
each hydrogen. Particular preference is given to using
metal-carbene complexes which have at least one carbene
ligand of the structure 2 where R; and Rq are each
hydrogen and Ry and. Rz, where n = 0, and B are each a

‘phenyl .or 2,4,6-trimethylphenyl group.



bul k, dissolved or in the formof netal conplexes. An
additional ligand can be supplied to the reaction at

15 any tine and at any point in the reactor, in bulk,
as a solution or in the formof a netal conplex. This

~additional ligand may |ikew se be a carbene or a

ca%egg Qg(%%gssgor or else belong to ?@@20852??59&%

or ‘exXanpl e phosphorus |igands; ‘éspeci
tri phenyl phosphi ne. In the pgr2oecess according to the
i nvention, preference is given to using catalysts
whEERTEEEH 0P £h A RERP phbspHst uthgaﬂ@gresa@micm%rthe
pr gfeﬁéf@l:lesttﬁlcgibu&@rﬂ; It1o disung aﬁ'ﬁfj Aol exehi (;,hlfaaveo?stam
ex [ rben | nd._ver p.art cu
pr%?ége\gggx?ogml%n% it éﬁa ¥t evﬁwcr&% ﬁa 13 u é’ cal
catbeaeatirgand&v ¢F- tH@éfrglﬁrluctuﬁequchQr 3 @ﬂgaw Af €pgm.

5th£9§17,dr1)&19ﬁ812%t i Ofyr i, OCeeh,. the.cagal Eﬁ 1caﬂ9§>ﬁ 36,

TR ALk Lo Rl ARy oL estem.

dllété\«l | Egdroennext Jact@mﬁmmeé:cl pFhemi orR0N0.adS8b pt i iE;

- Whep b caalyst is present conpletely or partly in a

second phase, this can be done by a sinple separation

"of the phases. 35 Oning to the catalyst activities and

10

15

stBibe | catxkyst tmésalposgidtie im phefgrajrias spalieatidinngind

t ozihie wm\e@lnttrn@n abeilis ec%lr ko%mahhdéﬁoeﬂé Srction
cat al a result re exists_the option

ofc?fb%/ trjré’élﬁl' ng §% r e%?cl énFﬁgd‘é%?‘gl ySPEBwi gt o RYREess

| ;v aprdegt tat Fbasigvertthenr eacveaohons xtayse. 5 When a

net al - car bene conpl ex whose oxidation nunber is >0 is
re-reduced

use this. l.ex nma tional Ly be
r &% Re Pﬁ@%ﬂ?ﬁe?%?%% SoTp ewﬁerﬁgt%‘ae?ﬂl%?éﬂé&m

' f@rs t birsspur posefragbbe iigentbeal (1o tde r@duciiglation

aganfrdsed in the hydrodinerization. Possible reducing
agents 10 are, for exanpl e, formc acid, formates, '
hydrogen, al kali nmetal borohydrides, al kali metal

~aluni dnumhky deicdes foprbonasess fmm'hmmmc@sas catalysts

20

25

30

ACGQY G figheli0 tr{‘esi enﬁ&%’cé}{ ef;SrﬁBES ia?/ 'mﬁd%ln‘iﬁa Be

usi,ng non- cyc i c ol efins avi ng [ east

cIiFEgEt PRI 8Tbos br@ékéeeedlzf r é%lﬁgs b’iﬁ’%\’d%té’ﬁés'
| paprerding, Eqent acicene, setOr @pf emeLadl complexes. A
Coteagen o@glm%easwh@ &M’JA e agnlg?éghg& ypich

ins havin ast two conj ug “ed”dod
a§°2’€5dé’ﬁ?§% o o‘i‘h%ﬁﬂ?ﬁ%féll Fesa ab¥r BeRi FRERASC ddgands .

Prekéeeatee | sz glg\ieant Giettsi G hé’m@ut;&dljl%maum ob lh%nd/or
[ T
PEASTIALBRECT My PRXEILLO, I ORE) Given

b&AdS Sy ti%aldsaéﬂdum 13 alidstase orpa}rl@daum H éd afGEW-—
Sukkabherst i)z ebss alibeelenahbicé£es) palladium(0) .

The carbene ligands of the structures 1 to 4 are used
in the form of free carbenes or as metal complexes, or
obtained in situ £from carbene precursors. Suitable
carbene precursors are, for example, salts of. the

carbenes of structures 5 to 8



radically active inhibitors, for exanple al kyl ated
phenol s, al kyl ated cat echols or stable N oxyl
radicals. In particular, in the process according to
the - 16 -0 piperidine Noxyls, especially

4- hydr oxy- 2, 2, 6, 6-t et ramet hyl pi peri di ne N-oxyl or

2, G002 fd Fdd3RL V| piperidine N oxyl . JHigeabahy)dsiao
may al SO be "added to the reaction mxturein e
process -according to the i-ndénti on separately fromthe
non-cyclic olefins. The reduci ng agents used in the
process gccording to the invention ape formc acid
and/or formgtes; preference is given tg.using formc
aci d. R &s, of-Rf or mat es are affronrjtim Tpemitee,

organi c salts,/ for exanple triethyl arfoni um formate,

_ trinetq¥L%mmmﬁyn1fornat& tripropyl ium formte

~and aIkﬁQ megal4and al kal i ne eart iy fret al ﬁalts, :
4

10

15

20

25

especial I'y |ithium formf®e, sodium fornate 4 potassif
formate, magnesium formate and cal cium formate. The
formates may be added to the reaction in bulk or in
the di ssol'ved form or be prepared inY-situ. For

i nst akse,, +pheal kali nmetal fornages campe par ed
fromthe teactfon of formc acid ﬁff%ktheNﬁ%Fgl

hydr oxi de t may al so be prepared \f_rom net al

hydr oxified and &arbon nonoxi de. The garbon nonoxi de
sour ces Used may be gasgg conpri si Rg carbon nonoxi

for exanple synthesis gas (Hz/CO mi xture). To form One
nol e of 1,7-octadiene fromtw noles of butadi ene, one
nofbexef ther wubstattdewts faf nete HiS toefui tygek are each as

(i GRIoNR! ryh Of sthect.gasd 1 PNko ependi ng 08 th&ing1y

reaction, the enf{ire anpunt and optionally an excess
ofPPPEFGEi ng2RYeREC candbRURddet con A HIY St t Fe st &PF
ofstidiehd emetrwn. aAl peopatti@iate t hbroneducifngaagenittipay
beneleredni dhid Jhgcourse of the reaction. Wen
formcC acid is used as the reducing agent in the
process according to the invention, the formc acid
sheuinglbe bt 8r edd malideke Gt@drsgenfuldimtecactilphate,
ic acid.j-S.iohtially c - —
Y?§?¥&gg%éﬁﬁﬁgﬁtolﬁ§§€§$#%%§?%f o?g%%gudinglggéﬁggn
aF8rgsPaESone AFRIIERESor erakplEaFRPRI @A d andryl-
hydﬁbgﬁﬁla&éBI?eZMIOCGSS ageekibhg }ptdhe;&qmeayé ONthe
t -C I.C I n |
atorchap iyt e O PR e S PR
adent emples eybl YA qrp WLl | appafer eftitarPye 2beses
4aicea3df<5mr expiefier abhyt 21 1 Hyairddks, | Nmébel proeess des,
accordin nvention, preference is giveh to..
SRR5ouDr BRpe SR PO Ar Rl e e GROE b BRER] of vides
condinetahshydioxdxdeisbi t substantially inert behaviour.
Sui t abl e sol vents include aliphatic, cycloaliphatic

pOPPaFRE Bha 13 G AR o B dedioeFor B ot e of base

Negedhy fpy megkildcacbene ecanmpliexed, Nedefretdrndd of srapiiden

Ne D distebhyd acet apl 86e fbt M bEeHasbopEXAI L of metal,
acetonitrile and benzonitrile, ketones, for exagfée o

aBEE BRI febhyFe etP0 RELond™ %8 r BERY PFRPESt

f 500 exalpd & I dwy | pacatcie, ofetivarad,. fIar iexaploe poethple
tert-butyl . L, JfeLr f i.axane, ani sol e,
aﬁiy?ggﬁﬁng%§ﬁget gré %?Xg%ﬁV#éﬁg’Sgﬁgér, di et hyl ene

gl ycol and pol yet hyl ene glycol, and other pol ar .
Sphy efbiceritiatesanple tdenes bylysy) phavdrded in a formal

1.3-di net hyl- 2-im.dazol i dinone, - o
i T R G S 0 AN Bt ion e oyerahy mass

sul phol ane, propyl ene carbonate or tetrahydrothi ophene

oxide. lonic liquids, for exanpl e i m dazol i um or.
pyridiniumsalts, may al so be used as sol vents. The

'sol vents may be used al one or else as mixtures of

di fferent solvents. In the process according to the
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N-net hyl pyrrolidone, sul phoxi deand toperfornthe
hydr odi neri zation in the presence of bases. Exanples
of suitable bases are netal hydroxides, especially

“alkali 10 metal hydroxides and al kaline earth netal

hydroxides metal carbonates and netal

d b [ | kal I
e P 8038 R ot o “Chr bonat s and. aPRR B2 RETHIO%8R40

al kaline earth netal hydrogencarbonates, hydroxides of
qguat er nary ammoni um 15 or phosphoni um i ons, al koxi des,

e attée, pherokémesiixteral sal t saof tdaer bekytt c olei dde

%ro@%@ﬁza{%n eXﬂ{mI&éoqjxla@e@@ dsceasrchlﬁghl WY  the
dlethylan1de and ganlc nltro en bases, p%H@II

ariESELOBr  exalPPESTHI 6t hy| &riC epp?rlocT%Ian1 %bp .
pmmmﬁementhallﬁ al 50t201P08spirh e horel serafzrbbiydiooki de
% dobg gasgndpr%&enggff% Men 10 ysi ngalieal i ARt ab

al kal oXi des or tertiary am nes
a§al§§§éé‘1ﬁﬁ ERBOPEBRRS sChc EBRIIFGCRESt RECPRILAT | bR. ths

Thewvammtibh, ofEhbaseonsett mttiich cah e addedyvto hhg be 1
hydr 096 @r& Zahk%” =$: 01 ghlon /%ﬁ?”doef"t éhé he; type @b

base process accord |Qg |nvent|on
pFT@f’Célleﬁ@e Rﬂ’sef@r@@ﬁm @ -&di:dg @ bt ®%lto F?Rﬁf—eﬁféib%’ i1
pref epably for®|dodfer201900% sorzofreferably 0 nol %
to 30 20 nol % and nost preferably 0 nol%to 10 nol %
of basi c_conponent, based on the olefin used. It is
altse ﬁ@§?ﬁ§?elﬂ§a9§ecannﬁﬁt&W@Péﬂeﬁ 5Puﬁ§P|F§aSFlﬁasé§
| Bullke @ieseEFSe@CEOr dhNGhko foitr B eRritiadn.codplbrest han
PRAGED2ACECIbNGL! Bahned e 14 Lacaduanlageous
no aci di c-conponent’s ar resen fhe Feaction
nﬁ;avuﬁemes@%eattrﬁéw IRogértt d1t KBS ﬁ@%ﬂa%revd i Drdks. 8F 2
OkobytpeRdust Sihy ts®ONEdIrzat ben. a Thiekatancdtpleansuhed

by kb ional Of%%%%tra%aredfﬂ&%f@e%ts al Ol XA 8, 4

f Or ot es & Case Of Use ure fOfﬁlC acid as a
r 6dUbPRY RHERHETSAN i ﬁbﬁ%rbah@@l@it tof agoplage, ctess of
exagph@s| I iRy kashpee Cﬁ{bsﬁﬂlc&%ﬁdllﬁéﬁﬁ§r el’ﬁs‘;@ebaﬁlly
ven, to ess accorqgln to the 1 nv 9)
h]él?%erﬁlfgp aoc’c"ip%nrngduc?ngdcaegn r?%esrseagtcg é IIQI%| rlt Eﬁe
mnh@mum, et exengbst 8i GhV@mtfpu @Smmtaéﬁwﬁas@hlch
t8bs mRANS @a\s&t 0| gﬁyon%hb»sghbahgo qflgaaag tOﬁaQﬁ:E[bﬁlar
aC|d of 0:1t :1. Particul ar nce is |%§n
et er® | HR aret ot oo CAER VRS e okt el
reaclm@walempwamﬂree whigindesul #8d oweny t@atfhecmlgh

' rﬁ@éiéz@éhé@t @@ h% 1S R Al e | BBve ARG hOEM 61y

[ RRDRTEE AP B anbtn 0T B readrr Sl b

_ S|gn|f|cantly reduced, or it can even be dlspensed

Mf@elent:héeh%drbalﬁé@lﬂ&%%%&@géjl ntghé Océxt)&lyst can

i nventi on drodi merization is er orne
pPef e’f%i‘?:ﬂ"fdunéﬁfiﬂ A PTESSETt e T6F 13t ON9H0 YRR TARG . This
prefereint cah | peofeffdoredt bvr Fhemplnpebat meendurdinga

e QO o%e“eé?:e?r %[E[xyﬂ t%%e%rigggéélé‘r‘fCBW'a{&QoEgtRQS

|nvent|on IS pr preferab
1R afhE N e et dsalfinesPDtt &%@éeteimeobr%%%%v in a

SOl Nehd<e t hehi Ve 1198 gafe bByopekalglle separation

cqgtlnuo I% or batchwi se, and is not restricted to
e’ partlcular reactor types. Exanpl es of
reactors in which the reaction can be perforned are-

SEhidLdd e eRaEQES, aéuﬂ@ﬁeé g Ratbeniesesf ! ow is

t b nd | t fodiff t
RS b T P ORET bl SO o) Bhe TG o

rmt@xtmmdiydmas’lﬂr eamirdtey ¢fibeatalyst. As a result,
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- 20 - The heat of reaction which arises in the
reaction is renoved by known processes, for exanple by
means of internal or external coolers. Specifically,
this may nmean the use of tube bundle reactors,
reactors with €ooling fingers, cooling coils or

at es cooling of a recycle s

WQ1%QQ%ﬁﬂ°§E?8n recycling). For theEﬁizg%ééggvgéygio
according to the invention, 16t-i S not necessary to
achi eve conpl ete conversion of the non-cyclic olefin
i nthehee hepdirsddi nve zattion rdfactdtormesthiaiac drey eregivigd eofthe
t ey NOR Y Cldh@ng! efton kdet Nebgf OkenPESE£LEINE 4Q% t Ghe
100% nore preferably 60%to 99% nost preferably 85%:
t(f?ﬁ?%lopnmgﬁﬁuﬁﬁse of conpl ete conversion of the
non cycllc olefin in the process according to the

dz,ﬁr}meéaherc%r%}{eb‘éofnﬁf&a%ﬁgsé OB O rOfnumber is

cts, since the reducing agent _is no |onger_ -
de>p|0etl§d uSGRp! SheF yComRleh éﬂaéfaso@tama%éy ope f%??n]ie%eai
addflearer edieci mgiaghinerikthcsonmay Thead:etdmlcnsgrrmglenat ugred
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reduci ng agent 5 can lead to | ower yields of
1,7-diolefins. The exanpl es which follow are intended
t Bheunchervliaspiafins hbaptogess deestditmg teenghgated
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corresponds to a yield of 91%: Exanple 2 (100 ppn1of

Pd; 1, 3-butadiene stabilized with
4-tert- butyl cat echol ) :



Under protective gas, 0.112 g of palladium acetate

35(47.5% Pd, from Acros), 0.312 g of

1,3-bis(2,4,6-tri-

met hyl phenyl )i mi dazol i unp- cr esoxi de-o-cresol and 0. 108

g of sodium nmethoxide (> 97% from Merck) are

di ssolved in 200 g of freshlygdistilled N-nethyl- -

22 - pyrrolidone (NWP, . :99.5% from Merck) and
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bar is applied by neans of argon and the reactor is 10

heated to 75C. Wthin 30 nm nutes, 101 of formc acid
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28001 | £0AMAES 8. MATRABHE 1, FPrEATKH effiggnesiun formate
edadl ¥edQ@i Trdrdadk nyTagclfohexenrs Imay be added to the
re IIQ%%AdIﬁqq%MiPI or 1in the dissolved form or be
prepared in situ. For instance, the alkali metal
formates can be prepared from the reaction of formic
acid with the metal hydroxides, but may also be
prepared from metal hydroxides and carbon monoxide. The
carbon monoxide sources used may be gases comprising
carbon monoxide, for example synthesis gas (Hz/CO

mixture).

To form one mole of 1,7-octadiene from two moles of
butadiene, one mole of formic acid or formate 1is
required (stoichiometry of the reaction). Depending on
the reaction, the entire amount and optionally an
excess of reducing agent can be added completely at the
start of the reaction. Alternatively, the reducing
agent can be metered in in the course of the reaction.
When formic acid is used as the reducing agent in the
process according to the invention, the formic acid
should be metered in in the course of the reaction.
When  the formic acid 1is initially charged, a

deactivation of the catalyst can be observed.



Furt her conmpounds Reactor effluent 2.1 69.4 1.6 0.1
26.7 0.1 Distillate 0 97.4 2.4 0.1 0 0.1 Distillation
bottonms P 6.2 0.3 0 92.7
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It is possible to use a plurality of reducing agents
alongside one another, for example formic acid and

hydrogen.

In the process according to the invention, the ratio
[mol/mol] between non-cyclic olefin having at least two
conjugated double bonds used and reducing agent 1is
preferably 1:1 to 10:1, preferentially 2:1 to 4:1 and
more preferably 2:1 to 3:1.

In the process according to the invention, preference
is given to using solvents which are inert under the
reaction conditions, or exhibit substantially inert
behaviour. Suitable solvents include aliphatic,
cycloaliphatic and aromatic hydrocarbons, amines, for
example pyridine and 2,6-lutidine, amides, for example
N-methylpyrrolidine, acetamide, N,N-dimethylformamide,
N,N-dimethylacetamide, nitriles, for example aceto-
nitrile and benzonitrile, ketones, for example acetone
and methyl ethyl ketone, carboxylic esters, for example
ethyl acetate, ethers, for example methyl tert-butyl
ether, tetrahydrofuran, dioxane, anisole, alkyl and
aryl ethers of ethylene glycol, diethylene glycol and
polyethylene glycol, and other polar solvents, for
example dimethyl sulphoxide, 1,3-dimethyl-
2-imidazolidinone, 1,3-dimethyl-3,4,5, 6-tetrahydro-
2 (1H) -pyrimidinone, sulpholane, propylene carbonate or
tetrahydrothiophene oxide. Ionic liquids, for example
imidazolium or pyridinium salts, may also be used as
solvents. The solvents may be used alone or else as
mixtures of different solvents. In the ©process

according to the invention, preference is given to



0.8 The distillate obtained is 215.7 g of octadi enes,
whi ch corresponds to an isolated yield of 89.3% The
purity based on 1,7-octadiene is 97.4% The conversion
of the foLmc acid is conplete. Exanpl e 3 (50 ppm
of Pd, 1, 3-butadiene stabilized with 10
4-terf-butylcatechol): Under, protective gas, 0.056
ofWBa§?§k£Qh%5§8etate, 0.26 g of PCT/%92°°7/°5555%
1, 3-bi s(2,4,6-trimet hyl phenyls) im dazol i um

0- cresoxi de-o-cresol and 0.108 g of sodi um net hoxi de
aresdhssoseberits 206hiriof faeshly dirslatied Ndbeldpdric
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i RSacLigagunt i s neasured by nmeans of the 20
mg?g ?%gg%f tﬁg pressuri zed gas bottle. Thereafter, a

pressure of 14 bar is applied by means of argon and
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i snatRds UnettoxIdescenid nuBch rieactdont ingals Biroxides,
m_nyt_es. r cool.ing and,deco '
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a%&%%ggeéé?&’f@éﬂa L ”MJ(&X&E Ocpﬁeg( cBE. NNethylpyr roll.dong
Furthe conpoun sSReac or ejf uen
or phosphonium iong, alkoxides, enolates, phenoxides,
metal salts of carboxylic acids, metal amides, for
.example sodium amide or lithium diethylamide, and
‘oxrganic nitrogen bases, especially amines, for example
triethylamine, trioctylamine or pyridine. It is also
,possible to use carbon dioxide ag the base. Preference
'is given to using alkali metal hydroxides; alkali metal
alkoxides or tertiary amines as bases in the process

according to the invention.

The amount of base used which can be added to the
hydrodimerization is highly dependent upon the type of
base used. In the process according to the invention,

preference is given to wusing 0 mol% to 100 mol%,
'prefefably 0 mol% to 50 mol%, more preferabiy 0 mol% to
20 mol% and most preferably 0 mol% to 10 mol%, of basic
component, based on the olefin used. It  1is also
possible to use a mixture of aAplurality of bases in

the process according to the invention.

For the process according to the invention, it is

- advantageous when no acidic components are present in

the reaction mixture, since they lead to the increased

formation of by-products by isomerization. This can'be '



14.2 7.3 7.6 0.3 70.2 0.7 10 318.4 g of crude product
m xture are obtai ned. The remai ni ng anount of formc
acid is 82.4 g (determined titrinetrically), i.e. the
conversion is only 11% based on the form c acid used.
15 Exanple 4 (not inventive) Under protective gas,
0.112 g of palladi um acet ate,190.-1834 g of

1, 3-di met hyl i m dazol i umi odi de (prepared according to
Bxrpired Byl nt MO WHS848£5) nandrl 108e@uoing sedjewits, for
nethoxHergre i ssolved in 200 g of freshly 20

di%SHEMH & 1YY pyrrol i done and stirred at 50C for 1
hour. This m xture is sucked into an evacuated 2 1

aytocl ecggemo%' | ¢hi grd fyg@ %Prpgc of, 13-t 2digRBcing
(stabifized w th approx. pm o
4298t bu caﬂééﬁéﬁ}'irar@ﬂ@’éﬁger%%d 3 n base,5cforheexample

AU H\S o408 fEaset £dpBY JRR1AS O0frd herawtghiBg Afvdheto a
pressurized gas bottle. Thereafter, ajﬁ£%%§§re of

1 ,
bR IAE S RTECF By FreanstBF dPYERTERA ¢ %kfo’fh?séormlc
h%ai;}i@d teduong WA 208/ 0032 RCHEP260B81 856540 witdout or
Wthin 64 mnutes, .101, g.of form.c i re t.er
W £ e BB 80 SRe D1 B0 ALt S DBaBEF TS Heans o
ofstaivalivee thid cof fajaiso evdl biisen tic heasiuredcidf taf @hk to

cqql i.ﬂ@p@ﬁ@i&?fgfmpgé%eene& the %%%Qﬁ' 2%, thd€embodiment
product 5 mXxture Is analysedjby . A conpilation of
t B8 andiy@l s Feauies asidhows i metaisd 3.1Tabkle 3reaction

1;:3nBetradhere Lin/idXtad€les, owing to the high reaction
rate, in a spontaneous reaction, and formic acid cannot
become enriched in the reaction mixture. In this case,
the amount of base required is significantly reduced,

or it can even be dispensed with entirely.

In the process according to the invention, the
hydrodimerization 1is ©performed preferably under a
pressure of 1 to 100 bar and preferentially of 6 to
25 bar.

The temperature during the hydrodimerization in the
process according to the invention is preferably 20 to
160°C, preferably 60 to 120°C and more preferably 70 to
100°cC.

The process according to the invention can be operated
continuously or batchwise, and is not restricted to the
use of particular reactor types. Examples of reactors
in which the reaction can be performed are stirred tank
reactors, stirred tank batteries, flow tubes and loop
reactors. Combinations of different reactors are also
possible, for example a stirred tank reactor with

downstream flow tube.



, 1,6-Cctadi ene 4-Vinyl cycl ohexene

att OpTi al aAdTAqQg3N- N Furt her conpounds React or

effluent 10.5 0 0 0.3 88.8.0.4 10 No 1, 7-oct adi ene

was detectable in the crude product mxture. Exanple 5

(not inventive) 15 Under protective gas, 0.112 g of

pal | adi um acetate, 0.109 g-obg - °

L3-di -i-propylimndazoliumchloride (> 97% from ABCR)

a;r@feO.HéhBt go8f wndivirorreihoxhde rarse sdi ﬁsolthed tendibrg is

0 res tilled N-neth rroli stirred

at" 860 E o}? 1%&?1 FhP geﬁﬁgﬁf xtfyure |e§<as (:lg\( eanes of

evateated 20f awtectiraale tpomers. SpeC1f1cally, thls may
mean the use of tube bundle reactors, reactors with
cooling fingers, cooling <coils or plates, or the
cooling of a recycle stream (reactors with circulation,

recycling).

For the process according to the invention, it is not
necessary to achieve complete conversion of the non-
cyclic olefin in the hydrodimerization reaction. The
conversion of the non-cyclic olefin 1is therefore
preferably 40% to 100%, more preferably 60% to 99%,
most preferably 85% to 98%. In the case of complete
conversion of the non-cyclic olefin in the process
according to the invention, there may be increased
formation of by-products, since the reducing agent is
no longer depleted completely. In the case of use of
formic acid as the reducing agent, this may lead to
isomerization reactions. The hydrodimerization in the
process according to the invention is advantageously
performed with the exclusion of oxygen, since oxygen
promotes the polymerization of non-cyclic olefins
having at least two conjugated double bonds and, as a
result, lowers the yield of substituted or

unsubstituted 1,7-diolefins.

The reactants of the process according to the invention
can all be initially charged together and then the
appropriate reaction conditions can be established. In
a particular embodiment of the process according to the
invention, the catalyst is first obtained in situ and
then the stabilizer and the non-cyclic olefin are added
and the appropriate reaction conditions are established
thereafter. In particular, it is advisable in the

process according to the invention to meter in the



Bil chi and then 240 g of 1, 3-butadiene (stabilized
W th approx. 100 ppm of 4-tert-butylcatechol) are
condensed in at -5C. The anount .i s neasured by neans
of the weighing of the pressurized gas bottle.
Thereafter, a 25 pressure of 11 bar is applied by
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by means of a valve. An amowit -of offgas of 2.9 1 is
measured. The continued reaction time is 30 m nutes.
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The examples which follow are intended to further
illustrate the process according to the invention
without any intention that the invention be restricted

'_to this embodiment.

Example 1: Preparation of the carbene ligand bis-

'(2,4,6~trimethylphenyl)imidazolium o-cresoxide~o-cresol

1,3-Bis(2,4,6-trimethylphenyl)imidazolium chloride is
prepared by the process described in_ Organometallics
1999, 18, 528-533. The 1,3-bis(2,4,6-trimethylphenyl)-
imidazolium chloride prepared in this way is converted
to the corresponding cresoxide as follows: 2.35 g of
NaOH are dissolved in 45 g of water and then 12.7 g of
molten o-cresol are added. This forms a milky grey
ligquid. This solution is added slowly with stirring to
a v solutioh : of 20 g of
l,3—bis(2,4,6—trimethylphenyl)imidazolium chloride -in
45 g of water. A light grey solid precipitates out, and
is filtered off with a G4 frit. Subsequently, the solid
is. washed }mith. a little water and methyl tert-butyl
ether. After the drving, 18.9 ¢ of big(2,4,6-trimethyl-
. phenyl)imidazolium o-cresoxide-o-cresol are obtained;

which corresponds to a vield of 91%.

Example 2 (100 ppm of Pd, 1,3-butadiene stabilized with
4—tert¥butylcatechol): ' ' _

‘Under protective gas, 0.112 g of palladium acetate
(47.5% Pd, from Acros), 0.312 g of 1,3-bis(2,4,6-tri-
methylphenyl)imidazolium o-cresoxide-o-cresol and
0.108 g of .sodium methoxide (> 97%, from Merck) are
dissolved in 200 g of freshly distilled N-methyl-
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15

0.5 85.1 0 10 No 1,7-octadiene was detectable in the
crude product m xture. Exanple 6 (not inventive) 15
Under protective gas, 0.112 g of palladium acetate,
0.130 g of 1,3-di-tert-butylimdazoliumchloride (>
97% from ABCR) and 0.108 g of sodi um net hoxi de are

O g of freshly distilled
X?g{/é‘?‘?‘o done and stirred at SOC?chc{rEPfOHEGPSSSM
Th|s 20 m xture is sucked 4 r#20 -an evacuated 2 1

autocl ave from Stiehl and then 240 g of 1, 3-butadi ene
( sPaEbrPlkdenan (FMMBppEER: 5200 fppm derck) and stirred at
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111 barbitadimplel ed( by3 tiramrsiiehear gord ,andstdis rieadt orwith

Drabebd 0 96 oy TP O Bubfey1diiedhd TBBESD Aidh
S PP S EEaE e G0 FTBasage . Condtnzeiinmt 5% The

baamoint méansneafsuaedalwe. méans antiunthef wei flghsy 06f2.t81e
1 ﬁ?eé@ﬁ%fe%d ggge BQEFiQuedI‘ %%'t%g ti geogzse?&{rhe

m nutes. After t e coo eco f essi
bdtave s TP L3e6d ke “ﬁ‘F%FuPé ﬁgg%a@%eah%yr@stom is
cdm&n’deai iten 76PCt hwiahah y30 sniresidst, S 108 §heanformitabla d

%QT k?LIO%Q‘S grgin Blﬂ{tl%gl'eein? 1 I—?aeQSt agkgnqnetered in. The .
Qct adi'ene 4- Vi nyl cycl ohexene
pressure is kept constant at 20 bar by means of a

valve. An amount of offgas of 31.7 1 is measured. The
continued reaction time is 15 min. After the coollng
and decompression of the autoclave_, the product mixture
is analysed by GC. After a one-stage distillation at
50 mbar and a maximum bottem temperature of 80°C, a
further analysis is effected by means of GC. Table 1
shows the particular analysis. results in GC area$.



N- Met hyl pyrrol i done Further conpounds Reactor effl uent
10 00 0.4 89.2 0.4 10 No 1, 7-octadi ene Was
detectable in the crude product m xture. Exanple 7

" (not inventive) 15 Under protective gas, 0.112 g of

pal | adi um acetate, 0.109 g of
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in 200 g of freshly distilded Nnmethyl- pyrrolidone
and stirred at 50C for 1 hour. This 20 m xture is
suBrbleiht o an evacuated 2 1 autoclave from BUchi and
then 240 g of 1, 3-butadiene (stabilized with approx.

1p0 ppm of 4-TErt-buryt categhot ) are condensed
0
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Reactor 2.1 69.4 1.6 0.1 26.7 0.1
effluent
Distillate 0 97.4 2.4 0.1 0
Distillation 0 6.2 0.3 0 92.7
bottoms ' -

The distillate obtained is 215.7 g of octadienes, which

' ¢corresponds to an isolated vield of 89.3%. The purity

based on 1,7-octadiene is 97.4%. The conversgion of the

formic acid is complete.

Example 3 (50 ppm of Pd, 1,3-butadiene stabilized with
d-tert-butylcatechol): 4 v

Under protective gas, 0.056 g of palladium acetate,
0.26 g of 1,3-bis(2,4,6-trimethylphenyl)imidazolium
o-cresoxide-o-cresol and 0.108 g of godium methoxide
are dissolved in 200 g of freshly distilled N—méthyl—
pyrrolidone and stirred at 50°C for 1 hour. This
mixture is sucked into an evacuated 2 1 autoclave fxrom
Blichi and then 240 g of 1,3-butadiene (stabilized with
approx. 100 ppm of 4-tert-butylcatechol) are condensed
in at -5°C. The amount 1is measured by means of the.
weighing of the pressurized gas bottle. Thereafter, a
pressure of 14 bar is applied by means of argon and the
reactor is heated to 75°C. Within 30 minutes, 93 g of
formic acid are metered in. The pressure is kept

constant at 20 bar by means of a valve.  An amount of




in at -5C. The anount is neasured by neans of the

wei ghi ng of the pressurized gas bottle. Thereafter, a
25 pressure of 14 bar is applied by neans of argon and
the reactor is heated to 75C. Wthin 66 m nutes, 101 ¢
of formc acid are netered in. The pressure is kept WO

PR TBPSE ol ve. An amount of o f 423/ Br2aftuspad

" nmeasured. The continued reagttion tine is 30 m nutes.

After the cooling and deconpression of the autoclave,
t et fgragduet i st br eld smapalysdd Bpeb @DtiAuednpidasttion
oft e ;@naloy sl sut8sUl A5t d:S 1 FROWBI1AnGABhE Becd@M R on

5

10

15

20

25

c@thoTadd eRBachows efHd yupttithlar0aBalysis results in GC

area%.

Table 2
0]
¢ |8 g
[0} T o)
% - Ag
o i
0] 0] @ e o) 0
= o o o ¥ e
® o Q —t Y =]
- - - U > (o]
o] T o) > Q 0
g 18 s |8 |4 "
] U U
@ 8 3 & i 2
i i 1 - @ 2
M ~ o) > = L8
- ~ - } 1 o]
- - — <t = Py
Reactor 14.2 7.3 7.6 0.3 70.2 0.7
effluent

318.4 g of crude product mixture are obtained. The
remaining amount of formic acid is 82.4 g (determined
titrimetrically), i.e. the conversion is only 11% based

on the formic acid used.

Example 4 (not inventive)

4Under protective gas, 0.112 g of palladium acetate,

0.134 g of 1,3-dimethylimidazolium iodide (prepared
according to Example 1 A in WO 97/34875) and 0.108 g of
sodium methoxide are dissolved in 200 g of freshly
distilled NFmethylpyrrolidone.and stirred at 50°C for
1 hour. This mixture is sucked into an evacuated 2 1
autoclave from Blchi and themn 240 g of 1,3-butadiene.
(stabilized with approx. 100 ppm of 4-tert-butyl-
catechol) arxe condensed in at -5°C. The amount is
measured by means of the weighing of the pressurized
gas bottle. Thereafter, a pressure of 14 bar is applied
by means of_argon-and_the reactor ‘is heated to 750C.

1, 3- But adi , 7- Cct.adi 1, 6-Cct ) o
29% e R ot o TR AGaGT . WPEGrRREPed By
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25.

0.5 87.1 0.5 10 Only 0.2 area% of 1,7-octadi ene were
detectable in the crude product m xture. Exanpl es 4
* 7 showclearly that not all netal-carbene 15

conpl exes catal yze a hydrodi neri zati on of

1, 3-but adi ene to 1, 7-oct adi ene. - Exanple 8 (30 ppm

of s 3 diene stabilized with

ppvlifg?zf(#fgrog%gz 2,6, 6-tetranet hyl pi p%%&df"ﬁ%o%y%%m
based on 1, 3-butadi ene): Under-protective gas, 0.056 g
of pal l-adi um acetate, 0.521 g of

1,8y BAaménureaet Yl pherly | formidazelifluare metered in.
O~ SO ARrr@- Gl AN R t2ALY 2@f 2908 kY tRexkder a
ar e di sso| ved ip 205)6% qf tf.reshl%/ distill g I\kget hyl -
251 ol 'HonRE T HHY (HEIH%PUr e s BSHFET - at P50 F &P
1 dwgringndntihéacoopt etk ia 20Cth8ubséequearty, tie 3xogluett
e e o PR B 10 (T o
- - eguss ) 1S . [

s OGS St Beﬁ‘hl%%a]c‘ga%@a’nf% 'Eﬁ?ﬁ%l“?’ave from BUchi and
then 480 g of 1, 3-butadiene (unstabilized) are

caiggasgd in at -5C. The anount is neasured by neans
of the 5 weighing of the pressurized gas bottle.

Thereafter a pressure of 10 bar s npplipd by nmeans
of argon and {he reactor i$ heated to 75G Wthin|120
M nutes, 202 ¢ of fofnmic a¢id (98-1G0% alr el et er ¢d
iiln. After thelreactipn has|set in,| the tenEerature iSs
kept between 10 80C and 90C. The pressure i$ kept| §
¢onstant at 20 Bar by Zeans @f a vakve. An @nount |of§
of fgas of 82..y & is me@dsured® The [cenhtinyedy react i o
tinme is 30 m phutes. Aff%er 1hg coolirgg and B O
deconpression| ob the awtoclave, the—product>m xtuftes s
anal ysed by GC. RAfter & 15/ ofe- st agé‘ di stfi I3 ati on| afs
50 mbar and a| néxi mumbot t pmbt enper &t ur e |ofS 800C, | at
further analypig is |effectedsby neads of |G Table 2
- shews—the—parteutar—anatys-s—+esg-ts—+nrecarea¥%—20
Tabtetqr 1, 3- But&di gne 0, 7t Cctladi ¢ned -3 88.8 0.4
effluent ' :

No 1,7-octadiene was detectable in the crude product

mixture.

EXample 5 (not inventive)

Under protective gas, 0.112 g of palladium acetate,
0.109 g of 1,3-di-i-propylimidazolium chloride (> 97%,
from ABCR) and 0.108 g of sodium methoxide are
dissolved in 200 g of freshly distilled N-methyl-
pyrrolidone and stirred at 50°C for 1 hour. This
mixture is sucked into an evacuated 2 1 autoclave from
Bichi and then 240 g of 1,3-butadiene (stabilized with

4approx. 100 ppm of 4-tert-butylcatechol) are condensed

in at -5°C. The amount is measured by means of the
weighing of the pressurized gaé bottle. Thereafter, a
pressure of 11 bar is applied by means of argon and the
reactor is heated to 75°C. Within 65 ﬁinutes, 101 g of

-formic acid are metered in.  The pressure is kept
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1, 6-Cctadi ene 4-Vinylcycl ohexene N Methyl pyrrolidone
Further conpounds Reactor effluent 7.6 70.0 4.2 O 2
17.8 0.2 Distillate 0 94.3 5.5 0.2 0 0 Distillation

bottons 0 6.2
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constént at 20 bar by means of a valve. An amount of
offgas of 2.9 1 is measured. The continued reaction
time is 30 minutes. After the cooling and decompression
of the autoclave, the product mixture is analysed by
GC. A compilation of the analysis results is shown in

Table 4.

Table 4
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i — i <t =4 Py
Reactor 14.4 0 0 0.5 85.1 0
effluent

No jq7~octadiene was detectable in the crude product

mixture.

Example 6 (not inventive)

Under protective gas, 0.112 g of palladium acetate,
0.130 g of 1,3-di-tert-butylimidazolium chloride
(> 97%, from ABCR) and 0.108 g of sodium methoxide are
diésolved in 200 g of freshly distilled N-methyl-
pyrrolidone and stirred at 50°C. for 1 hour. This
mixture is sucked into an evacuated 2 1 autoclave from
Blichi and theﬁ_240 g of 1,3-butadiene (stabilized with
~approx. 100 ppm of 4-tert-butylcatechol) are condeﬂséd
in at -5°C. The amount is measured by means of the

- weighing of the pressurized gas bottle. Thereafter, a
pressure of 1l bar is applied by means of argon and the

reactor is heated to 75°C. Within 60 minutes, 101 g of’

formic acid are metered in. The pressure 1is kept




10

15

20

25
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0.8 0.1 90.8 2.1 - 30 - based on 1,7-octadiene is

94. 3% . The conversion of the formc acid is conplete.

Exanple 9 (28 ppm of Pd, base, 1, 3-butadiene

stabilized 5 with 100 ppmof S

4 hydr oxy- 2, 2, 6, 6-t et ramnet hyl pi peri di ne N-ovvl based on
3- but adj ene% Li nder protective gas (% _

paW?a%i?W 09eP3te, 0.521 g of vor/8R3007 55540

1,3-bis(2,4,6-tri met hyl phengly) Lm dazol i um

0-cresoxi de-o-cresol. and 0.27 g of sodi um net boxi de

ar eoriécatitssot vl har. 2600 geads f péshl wadivst i Bhedmount of
Ngﬁ&a@ PYET of Isdqn amgatsafe&l Xtmee e&)ﬁhheae%ﬂgé%

1 hour__and th en’ cool ed to 20C._ Subse uently .

bimey.- %ﬁ/cﬁo antés RoALS r%t"rﬂﬂlﬂﬁqﬁef‘? A %&ﬁsmn
(_Sbﬁ(Pthe Céhbottavme Deg]msspréﬂa)zcanmﬁﬂuﬁe ngf analysed by
trdet hyl 5 r
sudé dZY |%t5% glnaacseivzlﬂ'lcuc%;El 2%% %%S%ggl é‘{% ? }:g1m)'$L %ﬁgﬂﬁ
th@%’]@Bé :g of 1, 3-butadiene (unstabilized) are
condensed in at -5C. The anount is neasured by neans
ofp fii¥e Wei ghing of the pressurized gas bottle.
Thereafter a pressure of 20 10 bar is. applied by
means of argon and the reactor is heated to 75C

ithin 123 m nutes, R02 g ¢f formjc acid|(98-100% are
nmetered in. After the reaction hag set in, ¥he '
enperature i$ kept petween 80C ard POC. |THe pressufe

— —+

s kept constant at PO bar|by nears }pf a 25 val ve. An
nmount of offgag of [7791 i $ measurle Thsg cg)ntl nueda
eaction tine{i® 15 mao. Alter the eooling tand &

econpr essi on| 0B t he| amt oc| age, tfeéorodwt&m’ xt ufedi s

inal ysed by GC. SAfter & di st 1 atijodi and [t Bk renpyal,
of two fractipng at 5@ nbar 8nd a|mexi num Bbtt om B0

tfenperature of 80C, |a furthef anal ygs ig dfifected by

means of GC. Tahl e 8 shows|the paitiicul ar aﬁnal ysis &
E220 Novil

lesultsin GO area%| WD 2008/ 0035592CT/ E22007/ 055540
4

{ R@&ctoFabl e B 1Q 3-But@adi gne OTri et hyldamineds.2 0.
effluent

No '1,7-octadiene was detectable in the  crude product

mixture.

Example 7 (not inventive)

Under protective gas, 0.112 g of palladium acetate,
- 0.109 g of 1,3-di-tert-butylimidazolium-2-ylidene (98%,
from Strem) and 0.108 g of sodium methoxide are
dissolved 1in 200 g of freshly distilled N-methyl-
pyrrolidone and stirred at 50°C for 1 hour. This
‘mixture is sucked into an evacuated 2 1 autoclave from
Blichi and then 240 g of 1,3-butadiene (stabilized with
approx. 100 ppm of 4-tert-butylcatechol) are condensed
in at -5°C. The amount is -measured by means of the
weighing of the pressurized gas bottle. Thereafter, a
pressure of 14 bar is applied by means of argon and the
reactor is heated to 75°C. Within 66 minutes, 101 g of

formic. acid are metered in. The pressure is Xkept -
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pyrrolidone Further conpounds Reactor effluent
69.4 4.9 0.2 16.6 0.5 Distillate 1 0 27.4 69.3
0 ;

0

7-Ccta

Met hyl

.8 5.6

.2 0.1

WO 2008/603559 _ "PCT/EP2007/055540
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constant at 20 bar by means of a wvalve. An amount of
offgas of 3.42 1 is measured. The continued reaction
time is 30 minutes. After the cooling and decompression
of 'the autoclave, the product mixture is analyéed by

GC. A compilation of the analysis results is shown in

. Table 6.
Table 6
6 |3
o 8] 0
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Reactor 11.7 6.2 0 0.5 87.1 0.5
effluent '

Only 0.2 area% of 1,7-cctadiene were detectable in the

crude product mixture.

Exampies 4 - 7 show clearly that not all metal-carbene

complexes catalyze a hydrodimerization of 1, 3-butadiene

-to 1,7-octadiene.

~ Example 8 (30 ppm of Pd, 1,3~butadiene stabilized with

100 ppm of 4-hydroxy-2,2,6,6-tetramethylpiperidine
N-oxyl based on 1,3-butadiene): '

Under proteétive gas, 0.056 g of palladium acetate,
0.521 g of '1,3-bis(2,4,6-trimethylphenyl)imidazolium

o-cresoxide-o-cresol and 0.27 g of sodium methoxide are

dissolved in 200 g of freshly distilled N-methyl-

pyrrolidone, and the mixture is stirred at 50°C for

-1 hour and then cooled to 20°C. Subsequently, 0.32 g of.

4—hydroxy—2,2,6,6—tetramethylpiperidine N-oxyl (8SiYPro




Distillate 2 0 2.9 90.1 6.5 0.2 0.1 0.2 Distillation
bottonms 0 0.7 5.6 1.0-0.1 89.5 3.1.. In the _
distillates, 400.8 g of octadi enes are obtained, which

corresponds to a yield of 82.7% The purity of -5 the
oct adi enes based on 1, 7-octadiene is 93.5% The

TN T AESBA” 175 bt adi ene st abl IFCFAATAPEH GRRPL0

ppnof 4- hydr oxy- 2, 2, 6, 6-t et+ agethyl pi peri di ne
C710 from Degussa AG) is added. This mixture is sucked
intb an evacuated 2 1 autoclave from Bichi and then
480 g of 1,3-butadiene (unstabilized) are condensed in
at -5°C. The amount i1is measured by means of the
weighing of the pressurized gas bottle. Thereafter, a
pressure of 10 bar is applied by means of argon and thé
reactor is heated to 75°C. Within 120 minutes, 202 g of
formic acid (98-100%) are metered in. After the
reaction has set in, the temperature is kept between
80°C and 90°C. The pressure is kept constant at 20 bar
by means of a valve. An  amount of offgas of 82.7 1 is
measured. The continued reaction time is 30 minutes.
After the cooling and decompression of the autoclave,
the product mixture is analysed by GC. After a
one-stage distillation at 50 mbar and a maximum bottom
temperature of 80°C, a further analysis is effected by
means of GC. Table 7 shows the particular analysis

results in GC area%.

Table 7
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Reactor 7.6 70.0 4.2 0.2 17.8 0.2
effluent
Distillate -0 S4.3 5.5 0.2 0 . 0
Distillation 0 6.2 0.8 0.1 90.8 2.1
bottoms '

 The distillate obtained is 336.3 g of octadienes, which
corresponds to an isolated yield of 69.4%. The purity
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10 N-oxyl based on 1, 3-butadiene): Under protective
gas, 0.028 g of palladium acetate, 0.26 g of
1,3-bis(2,4,6-trimethyl phenyl)im dazolium

o- cresoxi de-o-cresol and 0.13 g of sodi um net hoxi de
are di ssolved in 200.g of freshly distilled N-nethyl-

y and the mxture is stir r

guéagén}d&%%g’r? cool ed to 20C. Subseq@gk'?gﬁ?&%;go%ggsoé‘c?f
4 hydr oxy- 2, 2, 6, 6- tetranet—h;ZIOpkperl dine N-oxyl (SiYPro
C710 from Degussa AG is added. This m xture is sucked
i nPesel eWabuhtedadienguiscPdvesf r Bhe Baevermicdnt lndn 2@
480ogmid abid- bt adienecd unst abi | i zed) are condensed in
at -5C. The anount is nmeasured by neans of the :
wei ghing of the pressurized gas bottle. Thereafter, a
prszgle & (B pam P Bppl batk byl Fednsadicne g@ﬁrﬁlmidzed
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i’ *After the reaction has
sdindey, pheteenpey atese iG Wepy bef ween 188Cuanch@tEte,
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|s k t constant at 20 ar |)‘(Femaans 0 % val ve. An

N ?T%a%r%sr‘”l?fnii i% 2ifeds Gf eBOATHR ReIAHIGEd are

T e“acasqiwem neni s240 gn mit efrehiler thetchbdd ng\T—aremthyl-

d%ﬁz@ﬂ%ﬁ%éﬁ@” ahgt he,auhogl.ave, 1Eh%]t§§79g{:10tatm %6% eehs

ana After a one-stage ation
TR - SR L B SN UL N
8@Chydrbyrthel, @raltegirsmeshelpopdeidime neansy bf (GCYPro

- Tebhe %.shows ap%xél cuh@r 4anal g{%% rt‘?c%%'tﬁ?lgﬂirg: as
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area% Tabl e 7But ad| ene i ene

19856t dPengdd ex@@{ﬁD &, 49 MSURFRPyr ABEP doRl
F@Nﬁheate@ngom@sltlaeaaver febful lmmhl and then 480 g of

1,3-butadiene (unstabilized) are condensed in at -5°C..
The amount is measured by means of the weighing of the
pressurized gas bottle. Thereafter, a pressure of
10 bar is applied by means of argon and the reactor is
heated to 75°C. Within 123 minutes, 202 g ' of formic
acid (98-100%) are metered in. After the reaction has
set in, the temperature is kept between 80°C and 90°C.
The pressure is kept constant at 20 bar by means of a
valve. An amount of offgas of 77 1 is- measured. The
continued reaction time is 15 min. After the cooling
and decompression of the autoclave, the product mixture
is analyséd by GC. After a distillation and the removal
of two fractions at 50 mbar and a maximum bottbm
temperature of 80°C, a further analysis is effected by
means of GC. Table 8 shows the particular analysis

results in GC area%.
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Reactor 2.8 | 5.6 [69.4 4.9 0.2 16.6 0.5
effluent
Distillate 1 0 27.4169.3 3.2 c.1 0 0
Distillate 2 0 2.9 190.1 6.5 | 0.2 0.1 0.2
Distillation ¢] 0.7 5.6 1.0 0.1 89.5 3.1
bottoms

In the distillates, 400.8 g of octadienes are obtained,
which corresponds to a yield of 82.7%. The purity of
the octadienes based on 1,7-octadiene is 93.5%. The

conversion of the formic acid is complete.

Example 10 (15 ppm of Pd, 1,3-butadiene stabilized with
100 ppm . of 4-hydroxy-2,2,6, 6-tetramethylpiperidine
N-oxyl based on 1,3-butadiene):

- Under protective gas, 0.028 g of palladium acetate,

0.26 g of 1,3-bis(2,4,6-trimethylphenyl)imidazolium
o-cresoxide-o-cresol and 0.13 g of sodium methoxide are
dissolved in 200.g -of freshly distilled N-methyl-

. pyrrolidone, and the mixture is stirred at 50°C for

1 hour and then cooled to 20°C. Subsequently, 0.32 g of
4-hydroxy-2,2,6,6-tetramethylpiperidine N-oxyl (SiY¥Pro
C710 from Degussa AG) is added. Thisvmixture is sucked
into an evacuated 2 1 autoclave from Biichi and then .
480 g of 1,3-butadiene (unstabilized) are condensed in
at -5°C. The amount is measured by means of the

Weighing of the pressurized gas bottle. Thereafter, a

pressure of 10 bar is applied by means of argon and the

reactor is heated to 80°C. Within 240 minutes, 193 g of




The distillate obtained is 421.2 g of octadi enes,

whi ch corresponds to an isolated yield of 94. 7% The

purity based on 1,7-octadiene is 96.1% The conversion

of the 20 formc acid is conplete. Exanple 11 (6 ppm

of Pd, 1, 3-butadiene stabilized with 100 ppn1of

4 h drox 2 2 6, 6-t etranet hyl pi peri di ne_N-oxy| based
é %) . WD 20087 003559PCT/ BB/ $83p540

33 - Under protectlve gas,- (39112 g of palladlum

acetate, 0.521 g of
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The pressure is kept constant at 20 bar by neans of a
anmount of offgas of 71.4 1 is neasured. The

20 contlnued reaction tinme is 10 m nutes. After the

15 cooling and deconpression of the autoclave, the
product m xturie i s apal ysed by GC. | After one- st gge
distillation gt 100-50 nbar| and a pagi mun] b§ttom
tlenperature ofl 800C, fa furtiher anal ygis ip gffectgd by

- 25 neans of G Tabl e 10 shows thel particul-ar anallysts
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Reactor 1.8 | 77.0 | 2.6 0.3 18.2 0.1
effluent i
Distillate 0 96.1 .3 0.2 ]
|Dpistillation 0 6.4 0.5 0.1 91.9 1.1
‘bottoms

The distillate obtained is 421.2 g of octddiénes, which
corresponds to an isolated yield of 94.7%. The purity
.based on ‘1,7-octadiene is 96.1%. The conversion of the

.20 formic acid is complete.

Example 11 (6 ppm of Pd, 1,3-butadiene stabilized with
100 ppm . of  4-hydroxy-2,2,6,6- tetramethylplperldlne
N oxyl based on 1,3-butadiene): :
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Furt her conpounds Reactor effluent 1.7 77.6 2.5 0.6
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Under protective gas, 0.0112 g of palladiuﬁt acetate,
0.521 g of 1,3-bis(2,4,6-trimethylphenyl)imidazolium
o-cresoxide-o-cresol and 0.13 g of sodium methoxide are
dissolved in 200 g of freshly distilled N-methyl-
pyrrolidone, and the mixture is stirred at 50°C for
1 hour and then cooled to 20°C. Subsequently, 0.32-g of
_4—hydroxy~2,2,6;6—tetramethylpiperidine N-oxyl (Si¥Pro
.C710 from Degussa AG) is added. This mixture is sucked
into an evacuated .2 1 autoclave from Biichi and then
480 g of 1,3-butadiene (unstabilized) are condensed in
at .-5°C. The amount' is measured by means of the
weighing of the pressurized gas bottle. Thereafter, a
pressure of 10 bar is applied by means of argon and the
reactor is heated to 80°C. Within 12 hours, 193 g of
formic acid (98h100%)v are metered in. After the
reaction has set in, +the temperature is kept between
80°C and 81°C with the aid of an internal cooling coil.
.The pressure is kept constant at 20 bar by means of a
valve. An amount of offgas of 71.4 1 is measured. The
continued reaction time is - 10 minutes. After the
v'cobling and decompression of the autoclave, the product
‘mixture -is analysed by GC. After a one-stage
distillation at 100-50 mbar and a maximum bottom
temperature of 80°C, a further analysis is effected by
means of GC. Table 10 shows the particular analysis

results in GC areal.
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0.2 0.3 92.1 1.3 The distillate obtained is 395.6 g
of octadi enes, which 5 corresponds to an isol ated
yield of 85.5% This gives rise to a catalyst
productivity TON (octadi enes) = 72248. The purity
based on 1,7-octadiene is 96.1% The conversion of the
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ased on 1,3-b éadlenég' % 6 L
008/003559PCT/522007/5555 0% 35 |- %, Under Protect
as, 0.112 g of @pal | pdPum c%aﬂa (E 521 [g ®f

, 3-bi s(2, 4, 61t met hyt pheny!9) i m daZol i um =.

- cresoxi de- oj criesol | and 02# g of sndiun1ﬂ%thOX|cem

mnl

NTT

urth%; cﬁmgpuﬂﬂs
o

(Y]

(=)

e _di.ssol ved - 200 re y ldi strTTjed hyT -
>R§$FF8F|done gﬁé h%7n1xtur%n%s tﬁféed 1y-ge Cflor 1
&dE1lgaAtt hen| cool edl to 20€. - Subsequently. 0.32 glof

Do = (FL.0) O

I DRYEE OX¥e, 2| 6, 6- t eft et hylpiperi dhne N-oxyd (Si|YPro

Lo SuRenG o 2 L Guk ol V2 f fon? Bl dni An ?ﬁ&ﬁ%"

10o6066mg of freshly |distilled isoprene (Unstabilized)

Care sucked in. Thereafter, a pressure of 14 bar is

agg;igg neans _of .argon and _the reactor js heated to
86 FE e tRdrsE, 1893899 B9 1o i-agtjeges. which
(Qeriéﬁﬂﬁnéaetmmanredolntedﬁ?ﬁmldhefreacs%onThas geves
| B3 sEhe 15t eoperatdyr epl-Sg 891\,{)51 WRER 89&%[141
ressure

W ih the aid of, an internal coo ng coil .
i $2%8Pt TohsEmtatPaREDh a2 by moshedderg dal vé- 1An
aanmmérsﬁmnﬂﬁ@a&eo&ozalé acia ﬂgaﬁﬁmﬂdméthetcenbumaeﬂe

| f&ﬂﬁﬂé@f‘zé& ggh;ég V%hnuws ft@és%hgfw?%auag r@QQtlon

deconpr essi e aut ocl ave t mxture

10 j&imd yeed Wtéer MBI 73k OBt Rfe ahgt id-7aerspdagne
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20

160=dt: nharhasdpaepaxs tivh otdcemst. enper at ure of ~ 105C,
a further analysis is effected by neans of GC. Table

11 shows the particular analysis results in GC area%
JExamples 8 and 11 show clearly that, in the case of use.

of N-oxyl radicals as stabilizers for 1,34butadiene,
for example 4»hydroxy—2,2,6,6—tetramethylpipéridine
‘N-oxyl, even small amounts of catalyst of < 50 ppm are
sufficient. In contrast, Example 3 uéing the 4-tert-
butylcatechol stabilizer for 1,3-butadiene and a
catalyst amount of 50 ppm exhibits .a significantly

poorer yield.

Example 12 (45 ppm of Pd, isoprene stabilized with
100 ppm of 4-hydroxy-2,2,6, 6-tetramethylpiperidine
N-oxyl based on 1,3-butadiene):



WO 2008/ 003559PCT/ EP20071055540 - 36 - Table 11
auedosi Di net hyl octadi ene 1 (Isoner 1) ,

Di net hyl oct adi ene 2 (Isoner 2) Dinethyloctadi ene 3
(Isomer 3) N Methyl pyrrolidone Further conpounds
-Reactor effluent 11:1 40.1 30.9 4.1 12.7 1.1 -

D‘ﬁé I2'0'0 t/%ogsgg' 9 PCT/EP2007/055540
‘ - 35 -

Undef prdtective gas, 0.112 g of palladium acetate,
0.521 g of l,3—bis(2,4,6-trimethylphenyl)imidazolium
o-cresoxide-o-cresol and 0.27 g of sodium methoxide are
dissolved in 200 g of freshly distilled N-methyl-
pyrrolidone, and the mixture is stirred at 50°C for
1 hour and then cooled to 20°C. Subsequently, 0;32 g of
4—hYdroxy—2,2,6,6—tetrameﬁhylpiperidine N-oxyl- (SiYPro
C710 from Degussa AG) is added. This mixture is sucked
into an evacuated 2 1 autoclave from Biichi and then
606 g of freshly distilled isoprene (unstabilized) are
sucked in. Thereafter, a pressure of 14 bar is applied
by means of argon and the reactor is heated to 80°C.
Within 240 minutes, 193 g of formic acid (98~100%) are
metered in. After the reaction has set in, the
temperature is kept between 80°C and 81°C with thé aid
of an internal cooling coil. The pressure is kept
constant at 20 bar by means of a valve. An amount  of
offgas of 73.4 1 is measured. The continued reaction
time is 20 minutes. After the cooling énd decompression
of the autoclave, the product mixture 1s analysed by
GC. After a one-stage distillation at 100-40 mbar and a
maximum bottom temperature of 105°C, a further analysis
is effected by means of GC. Table 11 shows the

particular analysis results in GC area%.’
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40.1 5.0 1.1 1.9 Distillation bottons 0 0.2 1.5 1.3
94.8 2.2 The distillate obtained is 510.8 g of
i soneric 5 di nmet hyl odt adi enes, which corresponds to an
i'sol ated yield of 83.2% Exanple 13 (57 ppm of Pd, .
|soprene and 1, 3- but adi ene stabilized with 100 ppm of
4- drox 66tetra 10 nmet hyl pi peridine N-o
ba@észﬁ] i d?%@t adi ene): Under pr ot ectHGFEE 5390760%/[5_@4(@
of pall adium acetate, 0.5213g of
1, 3-bis(2,4,6-trinmethyl phenyl)imdazolium

o- Takb®wxilde- o-cresol and 0.27 g of sodi um net hoxi de
are di ssol ved in-200 g of freshly distilled N-rrethyl

“1p pyrrotTdong;,—and e m gt ure Tsystirreg—at S0Cjfor

1{ hour and thegn cool ¢d_to 220G Subsequent|yq, 0.32|g of
4t hydroxy- 2, 2,16, 6- t efr gnet Hyl pi perf dj,ne N ogyl (Si|YPro
Gr10 from Degyssa AG) igs addegl. Thisgm xtpre is suckgd
into an evacudted 2 1 %utocl e fromiafichizand tHers
20 303g of frdshly dis®illddgsopreng (unst@bilize
are sucked in.| Thereaf ber, [24D .g of o, 3-but@di ene

o
N
mpo

o]
(Junstabi | i zed)] are condensed 3 rfat| -$C” Theh, a v
pressure of 14 War i$ app ijedy by nlea_@szjof ag'gon and
the reactor ig hpated $o §0CH VEthi g 6§ mingites, 198 g
of - 37 - °) £ n| E B £ = G
0 A M B -~ H i =t
H A~ | a-~ n - Z o
Reactor 11.1 40.1 30.9 4.1 12.7 1.1
effluent
Distillate 0 51.9 40.1 5. 1.1 1.
Digtillation 0 0.2 1.5 1.3 94.8
| bottoms '

The distillate obtained is 510.8 g of isomeric
dimethyloétadienes, which corresponds to an isolated
yield of 83.2%. ’

Example 13 (57 ppm of Pd, isoprene ahd 1,3-butadiene
"stabilized with 100 ppm of 4-hydroxy-2,2,6,6-tetra- -
methylpiperidine N-oxyl based on 1,3-butadiene):
- Under protective gas, 0.112 g of palladium acetate,
0.521 g of 1,3—bis(2,4,6—triméthylpheny1)imidazolium

o-cresoxide-o-cresol and 0.27 g of sodium methoxide are
dissolved in 200 g of freshly distilled "N-methyl-

‘pyrrolidone, and the mixture is stirred at 50°C for

1 hour and then cooled to 20°C. Subsequently, 0.32 g of

" 4-hydroxy-2,2,6,6~-tetramethylpiperidine N-oxyl (SiYPro

C710 from Degussa AG) is added. This mixture is sucked

‘into an evaduatéd. 2 1 autoclave from Biichi and then

303 g of freShly_diétilled isoprene (unstabilized) are
sucked in. Thereafter, 240 g of 1,3-butadiene

(unstabilized) are condensed in at -5°C. Then, a
pressure of 14 bar is applied by means of argon and the
‘reactor is heated to 80°C. Within 60 minutes, 193 g of"
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formc acid (98-100% are netered in. After the
reaction has set in, the tenperature is kept between
80C and 81C with the aid of an internal cooling coil.
The pressure is kept constant at 20 bar by neans of a
5 val ve. An anount of offgas of 79.2 1 is neasured.

he continued reaction tinme is 20 mnutes. After the
COHPI AGO P Ponpr essi on of the aut o HGR/EP2P AR/ 055540
product m xture is analysedslgy _GC. After a one-stage
distillation at 100-40 nbar and a maxi mum bottom 10
t efpenit uracod 10BC10A%Nur blrer aerakysils is. efz&ﬂtoetred the
nme a S [
reﬁﬁ?‘t"é’f?ﬁ%&fﬁéﬁ B 5008] oéslg"‘gtél%/ Epzlé%g/ 055540

88°C anch & fZWlltgoHl@n%%‘i ot A ddt e aduerebiep coil.
Vet | préadianel Di kel thyd @odtacite e I\;Ed\/ﬁial&ynqg»yrnfealrusdme a
PULTNGL cPaNRds. Reach Sfodl Apens 5.5 2L dodfuba L he

15.5
contlnued reaction time is 20 minutes. After the

cooling -and decompression of the autoclave, the product
mixture is analysed by GC. After a one-stage’
distillation at 100-40 mbar .and a maximum bottom
temperature of 105°C, a further analysis is effected by
means of GC. Table 12 shows the particular analysis
results in GC area%.
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Distillate 0.1-26.5 27.6 39.4 0.8 5.6 Distillation

bottom 0O 0 0 0 97.6 2.4 5 The distillate obtained is

a mxture of isoneric C8-Cl0 diolefins. These are

mai nl y oct adi ene, net hyl oct adi ene and

di met hyl oct adi ene. 441.9 g are obtained as distillate,

e dsto an isolated yield of 88, 4% of

hﬁoﬁ??ﬁgq |on products. 10 Exanpl gcinFﬁg??/osss‘io

| nvent ive; 30 ppmof Pd, 1, 3sbutadiene stabilized with

100 ppm of 4-hydroxy-2, 2, 6, 6-tetranethyl pi peridine

N-oxyl based on 1, 3-butadi ene): Under protective gas,

0.95614 of palladiumacetate, 15 0.521 g of

'1,3-bis(2,4,6-trinmethyl phenyl)lmdazollum

o—ct-esoxi-de-o~ct nd-0Q 27 g of sodi um-nethoxi-de
re dissolved|im200|g of freshl y distillgd
- met hyl pyrrolji i dbne, |and tHe nixture is stirred at] 50C
or 1 hour ang then ¢ool ed jto 20C.| Subsequeft!y, (.32
of 20 4-hydrloXy-2, 2, 6, 6-tetrarret hy& pi pefigi ne N-oxy!
Si YPro C710 firgm Dequssa AGQ i s addgﬁ;d. Thig m xt yr e
s sucked i ntd zg),? evacuat eg 5 1 aut gl ave fgom Buchia
nd then 480 g of freshly u%llled , 3-butadiene| &
L J : 9] > 0
unstabilized) ~ 0 e o 0
g 6 g > i 4
v g o 3 3 2
o 0] s Q Q D
9] s 4 E = g
] |9} (0] -rd | [a]
H e} = A a F
Reactor 5.5 21.4 22.4 31.0 15.5 4.2
effluent
| Digtillate 0.1 26.5 27.6 39.4 0.8
Distillation 0 0 0 0 97.6
bottom

The distillate obtained is a mixture of isomeric C8-C10
‘diolefins. These are mainly octadiene, methyloctadiene
and dimethyloctadiene. 441.9 g are obtained as
distillate, which corresponds to an isolated vyield of

88.4% of hydrodimerization products.

Example 14 (not inventive; 30 ppm of P4, 1,3-butadiene
stabilized with 100 ppm of 4-hydroxy-2,2,6,6-tetra-
methylpiperidine N-oxyl based on 1,3-butadiene):

Under protective gas, 0.056 g of palladium acetate,
0.521 g of 1,3-bis(2,4,6-trimethylphenyl)imidazolium
o-cresoxide-o-cresol and 0.27 g of sodium methoxide are
dissolved in 200 g of freshly distilled N-methyl-

- pyrrolidone, and the mixture is stirred at 50°C for

20

1 hour and then cooled to 20°C. Subsequently, 0.32 g of
4-hydroxy-2,2,6,6-tetramethylpiperidine N-oxyl (SiYPro
C710 from Degussa AG) is added. This mixture is sucked
intc>'an evacuated 2 1 autoclave from Biichi and then
‘480 g of freshly distilled. 1,3-butadiene (unstabilized)



- 39 - are condensed in at -5C. The anmount is neasured
by neans of the weighing of the pressurized gas

bottle. Thereafter, 202 g of formc acid (98-100% are.
metered in with a punp. Subsequently, a pressure of 10
‘bar is 5 applied by neans of argon and the reactor is
heated to 75C and stirred for 2 hours. The pressure is
kePP éBRE(APR53 20 bar by neans of a REFARE206dYPRF540
this time, no offgas evolutign is observed. The
continued reaction tine is 30 mnutes. After the
coekengoamd@dnt6dddconr esSPon ahet encamtoclsavecadhried by

produgt %xtﬁe St Al sed @Me%re%%ué—izé@%@gi £0EcA S,

detected_in e react)on m xt .
2068FB8R55YPCH BP0 0555UE 2ad -(98-3PR%) are metered
Aptocesshoappepar i Sgbsbghehtiwdos phrssbstd tat eto bar is -
1, f Y. ri 0 cljc ef i ns,
5h Z?ﬁéf’é& e O S B o D eaRe el TnEy Bl 6
pr é38hcéngf et et ﬁ@rag?eﬁloua’ﬁd ofhe paeaFyse, is kept
chasmstaid zed ko bhat by rﬁélﬁl§ab.al ¥stvdised imudng this
ne - carhe I hhas Oarreal of ou
toE%e'o_f E?h%‘%lgé%ggf%) BPE dn SPSTRAS oRE cgr%%ﬁ%ued
| | Fder o™ t Remst rifct épemianu’gsess AEterN the cpolRgg R5Red
1Q(]dec&ﬁbression of the autoéclave, the product mixture isg
analysed by GC. No 1,7-octadiene is detected in the

reaction mixture.
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where: 15R1, R2= = nono- or
pol ycyclic aryl group having 6 to 14 carbon atons or

. nono- or polycyclic heterocycle having 5 to 14 carbon

atons and heteroatons, where this heterocycle has 1 to
3 20heteroatons sel ected fromthe group of N, 0 and S.

U P Bhagh], oo o0, & o AL 5P AR 0

OCO aryl, -0C00-al kyl, 00GO4&ryl, -CHO 25-CO al kyl,
-CO aryl, -NH2, -NH(al kylé -N(al kyl)2, - 41 -o
Ciaimssmy .| -OH, -CF3,
-NO2, -ferrocenyl, -S02H, -PO02HZ2, where the al kyl
groups f have 1 to 12 rbon atons and the aryl grqups 5
to:P14 car bofi atoirs, Poorthe PSUBEt I%%ent%u%#%ttﬁ%e% arfd
Rmn%zlg};@tnﬂytaﬁsolbé delelgmsa B ddgivdgodinghating omon-
ar@mtﬂcc &1d¥inANga SH@Stﬂeta%@mtSmOfc& g}%%e@ndao%%le
q%%reth same or different a are su stltu d%
y i 1t &8° SHETERESs (st Pt FEES BF (ETR3 58
amhtR@ ysype are | i kew se the sane or dlfferent and are

s@gﬂa(:tggggzga Ms&ﬁggitut ed and formc aci d and/ or ,
formates are used_as the reduci n]%%%rgent A _process

<?ncqr‘;.%ltexa which has

net aletedr ehaymopplSex-atiic o hasha Pextialdisel|Tedilled ahdomt
n'l(é]&%lt’ ohBodh HBan daliladisusrapgs og . platifm,i g, used. B
A process according to claim?2, characterized in that"
a netal - carbene conpl ex which has pal | adi um as the
metal is used. 4. A process according to at |east one
of claims 4 to 3, characterized in tHat

. R3HR4 > (
R
1\N/\S R1\N N/R2
R*‘/\R,, >
R R 3 @)
where:
‘ Ri, R» = "(CHz)n"B
- B = mono- or polycyclic aryl

group having 6 to 14 carbon atoms or mono- or
polycyclic heterocycle having 5 to 14 carbon atoms
and heteroatoms, where this heterocycle has 1 to 3 .
heteroatoms selected from the group of N, O and S,

n = 0-4 :

R3, R4, Rs and Rg hydrogen, alkyl, heterocaryl,
aryl, -CN, -COOH, -COO-alkyl, -COO-aryl, -0CO-
alkyl, O0CO-aryl, -0COO-alkyl, O0COO-aryl, -CHO, -
~CO-alkyl, -CO-aryl, ~-NH;, -NH(alkyl), -N(alkyl),,



a netal - carbene conpl ex which has at | east one carbene
ligand selected fromthe structures 1 to 4 where R2 to

R6 = hydrogen is used. 5. A process according to
claim4, characterized in that a netal -carbene conpl ex
whi ch has at | east one carbene ligand of the structure

2 where R3 and R4 are each-hydregen is used. 6. A
process according to claimb5, characterized in that -

42 - aqubQ@ﬂgarbemeaﬁynny ex-mhieblhas&ai | east -OHe¢ -CF3,

car bene gan of the ruc an ar
each hy 6gen ﬁd Engereﬂﬁ Ho'g, wheag Rﬁua Slkyl

each agplbamgl bavé 4L6¢KX|hﬁthyi@hnnybtgm@upan@ ugeu aryl
S 7. A %%SSS acgon gi '&%ﬁ'b%nata’éo‘?ﬁt EYuleq Qﬁecgﬁbgﬁl%uents

to 6, cterized in e concenfration of
t he capélyébe rRposied Rm & ¥Rt nBleY102d8RsePen Bipik °of @

(mass) pefi JRLRY haged A e owalilc massy,of the
reacti on n1xture at the start of the

hydrodi nerization is 1 to 500 ppm 8. A process
ageer diheg Subadideasts one ﬁ}fleCRai aBd 1R} ot h5d, are the same

characterized i hat th I I t

ohareri gt | gt e crld 1oL b bRyt
s¢hect edbstotugn8sbue fiditdree, RbsoﬁheneRs1éﬂkbeﬁkadhéﬁe are
CHE%%%H %nQHu;O ?ﬁeCQﬁJQ§PPﬂQf@§%nbﬁﬁuﬁﬁ§am@uﬁ@tltuted or

nprise non- c olefins wiwth at | east two
c@msu@e;tté& |6é1cboﬁ@|§mlcgaCAdpraé@e/§§ RYE PRy EBSatised

| gast-heneQfucahndl Fehtt.0

2. A process according to claim 1,
characterized in that
a metal-carbene complex which has a metal selected from

nickel, rhodium, palladium and/or platinum is used.

3. A process according to claim 2,
characterized in that
a metal-carbene complex which has palladium as the

metal 1s used.

4. A process according to at least one of claims 1 to
3,

characterized in that

a metal-carbene complex which has at least one carbene
ligand selected from the structures 1 to 4 where Rz to

R¢ = hydrogen is used.

5. A process according to claim 4,

characterized in that

a metal-carbene complex which has at least one carbene
ligand of the structure 2 where R; and Ry are each

hydrogen is used.

6. A process according to claim 5,

characterized in that
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8, 25 characterized in that non-cyclic ol efins which

ei ther have no stabilizer or have a stabilizer

sel ected from al kyl ated phenols or stable N-oxyl :

radlcals are used. 30 10. A process according to claim
9, characterized in that the stabilizers used are

fre I abilizers selected .frqm
ph‘g(ﬁo*(go%(f&.%‘?’é?%bl e N-oxyl radicals. 35¢T Epi\kﬁf%sséo
according to claim 10, charagterized in that - 43 -

N- oxyl radi cal ssel ected - from 4-substituted or

uns ubstd nsegdhere? compl ert whirek hiphpi per L dhpie NP ydaxbene

4- Ty Yo 2, 2n@, GsdRld@mRt hyl pinkeki di,nedhPX K| Okre each
2 2, 6, 6- tetr%peth% R eridj neN—oxyIﬁreus das N
4928y &7 A%prece¥satcdrdi fg £8 cfPaiahtg ach a

crrzhanitlepnfzédm - tmuemyapb@na'dh eneup sisisekdas t he
non-cyclic olefin. 13. A process according to at

| east one of clainms 1.to 12, characterized in_ that
7. A process according to at least one of claims 1 to

6,

characterized in that

the concentration of the catalyst, reported in a formal
sense in ppm (mass) of metal based on the overall mass
of the reaction mixture, at the start of the

hydrodimerization is 1 to 500 ppm.

8. A process according to at least one of claims 1 to
7,

" characterized in that
the non-cyclic olefins having at least two conjugated
double bonds used are compounds selected from
1,3—butadiéne[ isoprene, 1,3-pentadiene, chloroprene,

or corresponding mixtures which comprise non-cyclic

'_ olefins with at least two conjugated double bonds .

9. A processvaccording to at least one of claims 1 to

8,

characterized in that

non-cyclic olefins which either have no stabilizer or
have a stabilizer selected from alkylated phenols or

stable N- oxyl radicals are used.

10. A process according to claim 9,

characterized in that
the stabilizers used are free-radical stabilizers

selectéd’. from alkylated phenols or  stable N-oxyl

radicals.

11. A process according to claim 10,

characterlzed in that



formc acid is used as the reducing agent. 14. A

process according to claim 13, characterized in that

the formc acid is netered in in the course of the
reaction. 15. A process according to at |east one of
claims 1 to 14, characterized in that the
hydrodi neri zation is perforngd Lnot he presence of

bases. 16. A process according to claim 15,

chapagteri zedikta1khat sal kakkednet akofydr oxsdpsriglkabi  or

net al . al koxi ' '

ungubgtigu£g83 OE,E?%E%gggt%ghgggyﬁégpgiggi%% baﬁgngls,
4-hydroxy-2,2,6,6-tetramethylpiperidine N-oxyl or
2,2,6,6-tetramethylpiperidine N-oxyl are used as

stabilizers.

12. A process according to claim 8,
characterized in that
1,3-butadiene is used as the non-cyclic olefin.

13. A process according to at least one of claims 1 to
12,
characterized in that

formic acid is used as the reducing agent.

14. A process according to claim 13,
characterized in that

the formic acid is metered in 1in the course of the

reaction.

15. A process according to at least one of claims 1 to
14,

characterized in that

the hydrodimerization is performed in the presence of

bases.

16. A process according to claim 15,
characterized in that
alkali metal hydroxides, alkali metal alkoxides or

tertiary amines are used as bases.



