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WO 2008/ 003559 -1- PCT/ EP2007/ 055540 Method for
produci ng di enes by hydrodi nerization The present
invention relates to a process for preparing
substituted or unsubstituted 1,7-diolefins by 5 .

hY@r 8BPREPPIPAY non-cyclic ol efi ns havi RETAEPREETY 0BRG40
con'ugated doubl e bonds,in the presence of a reducing
dderhod nfopprodpeing cdigpas Pynhydyodimerigakiicane is
used as a cononomer or for the 10 subsequent
Qfosslinkinﬁ_of pol yolefins for the production of

D =

BSti DEeSPR A AR OH I QubsFPLAEEE ort° urkubBEPEGEEd Tor
]gpﬂeplénilec_f;i gﬁbspﬁsﬁtfwt ervajélga;faﬂseit&t:@ﬁt ilng_-lm_toqréﬂh% by
r . uction_of _a,cu-di .or_ .a, co-di am nes or
ot 08 RLOLHENG O eRT cBe el et s el 81" D8RR o
prepingaten dbupdeydsteis tn thel yamstescecorofll kydeducing
][ag?éx?tﬁ-aﬂ\@r&PVz?rmeﬂaf—'c?%%%&”@omﬁfé%?s as a reactant

pr epar ati on of ene -~ a conononer for
pl astics production. 20 Processes for preparing

L 7 osdegiengs from Jsdgbufadi gnecbBy peaRs obr for the

- hydrodi neri zati on are . descri bed by numnerous

FEHTYns. EH kg . YescEHBPFoLeFins r afedr on the

I;ﬁisddunﬂ:j(c_ih'972>)f _358%63(:_%64, Iﬁg%tﬂ@:ﬁ@ih&u@,n Qi‘ubstitt%ted or
- adi_ene. wi t r A in the presence.o
\]}ianrsl%u%stlgc&q:ﬁ%/ st Sri’f%rﬁéﬁtaﬁ%ﬂneg Congstitute valuable
¢ teodtiopal hadeuhd 1 ) €Rd( QA 2proli2Pi €h4 odr @abtatiolsm or
GOMplLexas; Mid h phosphLpe ! | gands, |Vere
1,6-octadiene. It ?EB??Egmj§€f§@agﬁﬁf?ka??einI% rn of
PEEEGSHT of £9r3- bbibadi sPreeRRTAtioRni ofaci polyesters  or

dioBihtlded ObFRMad&@Nd reRibRe PHesercerof an7Lb2Ph&hi4ne
cata%yst, up to 80% of. 1, 7-octadiene is forned.

RSTTISE &t° o . TeSEPPbe fOFn Bie @ FRhfdtiorce 1sacteme -
Eletdodder4For Hikewise thedweadidmnn of 1, 3-but adi ene
with formc acid. The catal yst precursor used is

(PPh3) PdA 2 which is reduced under the reaction
coediesisens spacdf i ed. pTepapioduct dbt7diovacthdiere from

%tgtggfgg?%ﬁé'S'Eyocpﬁgéﬂ§neﬁxéﬂ7h9%&@@&ﬁ%§i§ggion are
described by numerous publications. -

Gardner et al. describe, in Tetrahedron Lett. 2 (1972)
163-164, the reaction of 1,3-butadiene with formic acid
in the presence of various catalysts, for example
diacetopalladium(II) (Pd(0Ac),), LisPtCl, or palladium
complexes with phosphine ligands, to give -
1,6-octadiene. It is likewise stated that, in a
reaction of 1,3-butadiene with formic acid 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,.likewiée'the reaction of 1,3-butadiene
with formic acid. The catalyst precursor used is
(PPhs)PACl, which is redﬁced. under the reaction
conditions specified. The product obtained is a mi?ture

of 1,3,7—0ctatriene, 1,7-octadiene and 1,6—octadieﬁe.
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WD 2008/ 003559 PCT/ EP2007/ 055540 2 1In J. Ml.

Catal ., 15 (1982) 377-381, Pittmann et al. describe
the use of catal ysts based on palladiun1mﬁth

phosphi ne | igands for the preparation o

O BRREAUERET 5 The hi ghent ool oot | vi PTORP3007 £R8EH40
on 1, 7-octadi ene is achievegd here when

tri et hyl phosphi ne ligands are used. EP 0 004 408 Bl
and EP 0 004 410 Bl describe a process 10 for

prepari 1,7 adlene diene in the
BrosincB8a £abat-ad i pHosphi 38, S4Ear yai.t cTephy epaal.
4&&dﬂﬂhdi@malhyed@ﬂﬂ¢éxﬁﬂﬁéﬁsubasaﬁ ommjammaﬂmum w1th

lat i um or .r hod i nert_ su ort teri
THOSENVAS IS 0 Yo7 M P HP T Ken e Hete T Berrdrene
ﬁﬁmtebsgm©$t peépatnngtt bioct i baeefram 1,7~ octadlene
%j? Qghﬁ@beae ﬁ réh%ﬂuﬂge%ng%ﬁyigios hine %égands are

pal | adi um phosphi ne cat al yst ocess tures
eise of formates as a reducing 20 agent. EP 0 012
472 and EP 0 012 475 disclose a process in which

1 7 oct s prepared | presence of a
oomiEe ay R EPBE T, bPar TorhEneReEaRe: 5 Prasess
dﬁﬂpqmwmbarimg exaHDbEadﬁgaEOHhﬂﬁpth?Lb?t@dlene in the
or OSphI tes or mxt t her.eo rom
r%%b %%dl eneryand or m cpam or f%h?ﬁﬁ}é]sne EP Oc%b%lySt'

. E39 0BD0deddni beaddipioveddyf ordprepabeng BBe use  of
bafagehad) en?léﬁ@ﬂhﬂm SoPULAM NG | Bl NEnPT £8EPCC Apfore

pal I'adi um’'ca tertiary phosphi nes an
PELFERE séﬁeét@@cﬁFQ%W§¢alkyl sul phoxi des and
dlalkylfornan1des in the absence of a base. 35 The

p d_specj fications DE 30.24 877 Al and DE
B 0 SRE BL0c TSR 15 0o BT OP SRy arbal REFFSRRG. €O
bravhutiadi ele T-@dbafdieetcadi Bnen by Indahstaefiianpal Ladi uthe
¥£@%@Q§/00%%§9 gcwﬁg?%gg¥8§§§x£phlne catalyst; this

process features the use of formates as a reducing

agent.

EP Q0 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  or mixtures thereof, from

1l,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 phogphines and of a

gsolvent 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 palladium-
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3 phosphi ne catal yst, the reducing agent used bei ng
hydr ogen or a hydrogen-carbon di oxi de m xture. The
publ i shed specification DE 30 24 879 Al describes a 5
process for_ hydrodi merizing 1, 3-butadiene to

VG- B8 St %y means of a pal | adi um BRE4ERRAR7/ 055540
catal yst and a reducing ageng, _the sol vent used being

an oxygen-contai ni ng ni trogen heterocyCIe After the

%ﬁéééﬂl_ﬁ{é Vec €pyat, Of thet heedud1 RSt aggsﬁ@ t86310being
st - cont ai,ni dlstlllatlon boit ons, are returned
ﬁ’éy‘%ﬁ HYy o dt n@f’%ﬂ FHICAIRRP S F e dViSHetS i cat i on
DE 30 34 098 Al describes a process for preparing
kad| by. hydrodinmerizing._15.1, 3- | ene_or.
?éopr Rheg %%P%%eg ?%%%h%%t%ﬁn D%a??a%? ﬁ?%ag% g??ﬁﬁh?es a
eat@test i n esul phoidasel inealivtingn, t Ae 3rbatttdrne
rqq ﬁ&m&{é Si pg tepbiaLy &t kylam ggépgag&fﬂeahegshme

I ne conpounds. Here too, the C
rcéﬂ“@ﬁébﬁtaf @%@ ﬁhéf@rﬁ%%t!-‘rléw n%g‘?lz%ltl @hearﬁ‘@lmtt heged being

r8t Ul ehﬂcbﬁ%aHth@dlﬁEEté?&horhet]é:’ch%ceﬁgzoﬁf%er the
descri hes the dinerization o | kadi enes, faor exanple

Upth hlafiisre, M@ lor eSdncet alr édGEFAGLSEENt cthe
a:rwtadfyﬁ—p:ajﬂ@djmmgohdsphnmu‘aelaﬁ Ged et ytd . akid t AeSurned
Q%? 4%@ J %A 7Wbof octadi ene are achieved, the
pur @f lf octadi ene being 97.1% EP 0 704
417 A2 descrlbes a process for preparing 30

W@%ﬂﬁ%ﬂé@r@ﬁe&ﬂ%%&p%ﬁr@?}fﬁji%%afgi et NBes 4

presence of a palladi um catal avi ng phosphorus
RIPEREs (e pPesParéngr PF}Eé@y@Féﬁ\ banghmro%m%rlzmg

tlh@ﬂbdd&@l\é@iéourozpre§§@b§eﬁ5 t ke, butrdi eﬁ@es?'éhae of a

titative ratio of 7-octadi ene tp 1, 6-oct en
i Prodult 3%15}%1%6‘5 110a5Eq¥6’f 491%47aA| $fpR0 ane

&lcdﬂitosms a tpreoc essadtaromnpr epatiuge  leaopeheind atertlary
ggqﬁyggggglfoogqggg%eg Nt 8ephbEshi ALeRomABLAARS AR3RS% o0,
the catalyst is removed after the hydrodimerization and

then returned to the hydrodimerization.

JP 09-087207 A describes the dimerization of
alkadienes, for example 1,3-butadiene, in the presence
of & reducing agent and of a palladium phosphinite
catalyst. In this case, yields of 94.7% of octadiene
are achieved, the purity of the 1,7-octadiene being
97.1%.

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

is 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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_1@%@%@%% e&af@1155 d

4 1,3-butadiene is converted in the presence of a
tel onmerization catal yst and of a reducing agent to
1 7-octadiene; in the second step, the 1, 7 oct adi ene

(#hdtlaHQ%;wdrogenated to 1-octene.
5 catal ysts descri bed a?%Tﬁ%ﬁ%9%ﬂé°5554°

nlckel, rhodi um pal |l adi um and pl ati num conpounds,
al so including Pd(0) conpounds with carbene |igands.

Siu'j—iiﬁlt%cﬁair@nelﬂ 'Qéﬂﬁér’ﬂ@&“ oned trRcl yd@sence of a
-disubstituted 2 dlhgdro | Hi m dazol - %@ylldenes

AFdrot | 11 t HePGLNg. yPE§BRestO
and,-ddt s casias, the?, s?e@brttyokwémj aiziob - 2; "X/Lodeaa@s.ene is

VWO 200 /0472 005 472 8

SR srde 1 M Bch e £ 008 AL BR80Tl PEL 088 B ation
ﬁﬁdaiﬁéﬁsf|deﬁcxnh@@ssaseepnumﬁﬁdmmzuhxukels rhodium,
\f%%rl\ﬁ%.réﬁgn éﬂlﬂtﬂfaf?{ﬁﬁrﬁnﬁg gguﬁdgal laél@ou@rg&%% P (0)

conprises. one or tristbstitu
R e ‘ﬁhébphm;éven@npbw@%dand Srikalpidr ogeprbene
Cig@%fndéW ags%ﬁr%l&léaﬂ a{ Sk Medd to 11f73o§£§@lb§ﬁ§tuted
closes a process, for

5eﬁDEE&¥%Fﬁglﬁh&ﬁ”@¢&q 25V 5ESFavi ngt af ~FESgps thputed
@qrﬂmaiy@io-dwmxaah@ndﬁ-wmmem@l eapdi | ey &bee cases,
atal yst bei ng P IIadlun}carbene conplex. 25 A
% t?) r%.?n f%o%%la.zori l%dg l%

él"o t1onis u 560G to nmean the reaction of
ol efins with conjugated double bonds in the presence
%fo 2'@)‘6%'/%%%'1'763 ci‘e 1960963’6‘5?0&%{'§d ALENCOPUNGdLe 4
are formed fromtwo equivalents of the diene
§WQQ9%§1ﬁP¥xEﬁ%@ﬁ%#ﬁgoi ?ﬁE?ﬂﬁcP@oﬁquQ IO DrioerReEess -
hei nehéd FAkXEURR-oRfesd Phit@) | Ly30buealReHBdS s @Snverted
sho by Reaction Schenﬁ 1...2 + Rl-%TH X,R1 [cat;}.
Bfe qWﬁﬁgﬁﬁﬁﬁ?eo% & Pa ladium complex which "comprises
one or more trisubstituted meonodentate phosphorus

compounds and of a hydrogen donor in an aprotic polar

. solvent to 1,7-octadiene.

DE 101 28 144 Al discloses a procegss for telomerizing
non-cyclic olefins having at least two conjugated
double bonds with nuclecphiles, 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 ——- mx R1 /\/\N\X/R1

{cat.]

Diete Mucleophile X,R‘1

¢¢\v/\\/L\f7

Reaction Scheme 1
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Reaction Schenme 1 35 WD 2008/ 003559 PCT/ EP2007/ 055540
5 The main products forned in a telomerization are
1-substituted 2, 7-octadi enes; the by- products f or med
here are 3-substituted 1, 7- oct adi enes.

W9 ARA8/AD333? catal ysts nodified with %’5(%%%%0”%5%0
5 are used, ratios of main pgfoduct to by-product of up
to 98:2 are achieved (Chem Eur. J. 10 (2004)

3821- 380Q) . prhdBEAY I aSdrmdd) aihy df 00t EB6h&AE £ of Woare

equi val ent s an ol efin havin on ated doubl e
A alents of LA QS ad ng, gon Hgated doub! e o red

ag&mi acceoradi ng E{BuwkﬁuﬁuﬁnmlSchene720cﬁbdlenéﬁxx}1 -Wken
er1%§%1od tlon %8gegee§ w1%ﬂﬂ%%fbé%gnigbands

use ot Her '2at FoR-s&Fvds
Ia}t@rmqi prr@\md:a Oﬁ maire pazdof tﬁ@rmfpmdlebtasoftm to

%dlz':c' e%qtevewq npr%%&ctﬁoerEng%@@a%%@a 3900) .

IOXI e e main product of ‘the hydrodinerization o
20 1, 3- butadlene is 1,7-octadi ene. The processes for

&ﬁdchQitrﬁrétﬂ E.g'l Jahaqmﬁﬁdﬁ%elﬁaocmkfr %&s @@@{kﬂ?léhtiﬁeof
pres oS Oor us- nodail 1,1 a adl um catl a
B T D R e VP i rRRrd S5urlel W e R Srtea

ialechEV|p¥eseheee béi ng dettnedngasafehtowsccdEMmg to

%%t%%Fg yst) or 30 TOF =

pro aGct dlyst)*tine] Selectivity =
n(product)/[n(product) + n(by-products)].'GEneraIIy,
trival ent phosphorus conpounds are oxygen-

sensi |ye/a d ily OX|d|59&hL9,LE§/Q8%29 0 ng
naaVa ent pho gﬁgﬂa I es +Cth ™S ac onﬁgn?g%

by WD 2008/ 003559 PCT/E%%§$7/055540

Reaction Scheme 2

The reducing agent used in a hydrodimerization serves
as a hydrogen provider; in the case of formic acid as
the reducing agent, the co-product formed is carbon
dioxide.-The main product of the hydrodimerization of

1,3-butadiene is 1,7-octadiene.

The processes for -hydrodimerizing 1,3-butadiene to

' 1,7-octadiene 1in the presence of phosphorus-modified

paliadium catalysts Thave low productivity (TON) ,
activity (TOF)  and/or selectivity, these being defined
as follows: :
TON = n({product)/n{catalyst) or
TOF = n(product)/[n{catalyst)*time]
Selectivity = n{product)/[n(product) + n(by—products)].
Generally, +trivalent phosphorus compounds are oxygen-

sensitive and are easily oxidized to the corresponding

pentavalent phosphorus species, which is accompanied by
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6 deactivation of the catalyst. OnMng to their high
sensitivity, the recycling of these

phosphorus-nodi fied palladiumcatalysts is

per f or ma with difficulty and industrial

\MQE?qQﬁ{th%E%es of activity. 5 PCT/EPXOSQL35554U

‘Pal | adi un( 1) - phosphi ne conptexes are reduced under

the reaction conditions of the hydrodinerization to
fdﬁdﬁtﬁx}wiftﬁi v funsihabl eddtatiested akeag Wien pakhadi Hith

FOVTE Steti e catalyetee g b Bedp OEbDERPERs g ied

'paﬂhaﬁuumenﬁmaﬂystékybpb@&ﬁb&m&@l&raaﬂhmMmEf;culty and

Hx{ust?%ﬁﬁjgixp Ve ?EH dﬁ l“tl&é%é§e &F tQStlglty

riary os hines,” which
W@Ha&}@dt&@r—ph@amfwle qmnn:lcﬁmum redu¢ed under the

td Rl 989@99L8§§ @fsw@ MheaPbEYmPPOEL ion to form
selectivity in 15 hydrodi nerization. In the prior

éh?ﬁﬂ%%%@se§nsFﬁ€§@ pRBSERMREI85RSoundEhERe ARAbHREbum

tdﬁ)@nﬂl%éire@sdl HBEI érﬁ@cﬂ;pﬂledri] n \neitﬁﬁ'ﬁsi’erllallkgﬂl@hb@@ﬂﬂlhl@@ of ’lchlS
onites an osphinite 00 in i rial _scale

R OBk ERe e RSB Mo i s et e 255 Ehe

élﬁe@cmh@&enzﬂ conﬁmmadkyaphobpﬁnnb¢3|s aaad however,

g)g;‘ $R0SIL 1 Ve PEB%N%G ag fa&%gca%d Qb fﬁég‘ CofRCl fhe
atlves in the drodineri zation h

é@adriésfrp;éﬁdu ﬁ’g‘F%/l%ldv@h% @#wlPthﬂé’l@t:abth!? ¢fan be
PResnRenide teh- pPhogpiini t exdodifd a6 < Sat@d YShS - t2Palkyi-

s therefore an,obj ect ‘of "t he present invention to
bl P&’énﬁsprcﬁ:e%g%ﬁlﬁﬁé‘ﬂ:}&h’u RP¥fst PELEERIBEEY in the
msimbﬁhnﬁauhedtloi- di oheftims pyibydrach n@mz:&tsls@e,, these
features SI lified dlin

a of th :
£Bpas % S vt S Bobe i pr R R acion
part iestdems - hi @h Seleecthandiesg wi bl r ggerghhtamitttess  and

pHBsphiyledsor apsubsihtut efdals{xaghad %E%J]%“OU'&Q&S,

achi eved. It has been und that, surprisin
§68§?PF&P§ér§rIm%EmUﬁ§ﬁb§ﬁN€uﬂéa Pbe7. @@%@%flﬁ@n€§n'%@ese

pbRpahadsbare hydrolysis- and acid- sensitive. The use
of formic acid or formic 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 Tor
unsubstituted 1,7-diolefins by hydrodimerization, which
features simplified handling of the catalyst and also a
high catalyst productivity. In particular, high
gselectivities with regard to the substituted or

unsubstituted 1, 7-cctadliene should be achieved.

It has been found that, surprisingly, substituted or
unsubstituted 1,7-diolefing 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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hydr odi neri zi ng non-cyclic olefiné havi ng at | east two
conj ugat ed doubl e bonds in the presence of a reducing
agent and of a catal yst by a novel process, wherein
t he WO 2008/ 003559 PCT/ EP2007/ 055540 7 catalést used
i%0 2928509437 bene conpl ex whi ch has aPCREEBRROBY/§Paago
8 to 10 of the Periodic Tabl¢ and at |[|east one
carbene |igand. The process according to the
:qdam ¢ ¥ ’aagdaris narm&@lseja@ﬁed nd tyodpleRl $8idh has a
| r product i ofrpared.to prior _art cesses.
B OB GReLP atcPdi Ty 06 (e | RUbhpaoh, TRbte. and. at
e’bmrpi eomem thebehygdiodiandr i Tald grafeds 3a&)¢tbzaﬂﬁreg1eto the
Yy ; t duct i vit 0 rea
bl B RS PR Y S, 2hed G Thmer
fmqﬂﬂatlty ncompacade tO pfigse aft spabpbszess flor the
the, s ca/@éalcdﬂhgefwsthéell%%%@lfohomﬂﬁyéﬁrﬁ&e in the

phenol s and stable N—oxg radi cal s | er anount
FeAHIRARL Z8rte Feq Gr el P nPUBRABERE SOt (HeEmise @f:ld

ﬁaﬁxymtp&@@&f/ﬁmitzeé her sgh%adéxzeﬁhaﬁcqrodlor@@ t@in be
t he pri o reover | S I 0OCessS varlant of

e sl o nd R e s BT ra et L Bst RE case
[yt prcductoff orsedbioni zelhe fProceslse acoondengiio tkefins

'é@ﬁ%ﬁée tgyghiugﬁggfgéggﬂ ﬁgﬁ5f§3d£§$'ag£é%£¥ N~oxyl

are to prior proce
opdts pretuktewi apounosTieE | paveatvon pmvumnared in

ra,ro@f@%sca e eaep@qénglsesusﬁtum@&%uwﬁgbééaﬂdﬂ ed the
1, 7-di.al efi ns by ydr odi neri zi ng non-cyclic ol efins

FEFENG 1&E eaa%cfmt”@\?d’lg cbfj gt o HoOTbPE thoMiRr 99V athe this

presence ofardraduchéhg Eﬁeag@&bc@@@ ofaca:cﬁcailaigystto the

charact.eri zed in that S sed
TRVAtiEh T fea e et RSt o tiBrigs 6 1The
PogkestheafRrrddie Tabltthandnatnthieasttlnme basbenehigher

g @%%5 0 07§gg%§£%ye}gurc%n&jal?ea £8" MR 2008/ 003538 ces,

and also a high catalyst productivity.

The invention ©provides a process for preparing
substituted or unsubstituted 1,7~-diolefins by

hydrodimerizing non-cyclic olefing having at least two

: cqnjugated double bonds in the presence of a reducing

agent and of a catalyst, characterized in that the
catalyst used is 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



RL'"N\N~RR RR_~NNR2 R3 +R R5 Rg ~1) R3 4R (2) R
~N\S R ~NN.-R2 RBR4 rN R5 R6 (3) R3 (4) where:
Rl R2 = (CH2)n-B B = nono- or polycyclic aryI 5
having 6 to 14 carbon atons or

)L)!‘&chmco A er ocycl e having 5 to 14 gg;‘égﬁzg@'bmssszw
and heteroatons, where this fheterocycle has 1 to 3
heteroatons sel ect ed fromthe group of N, O and S, n

0-4 10 R3 R4, R5 and R6 = hydrogen, alkyl,
heteroar aryl, -CN, -COOH, CCE)aIkyI, -COO- aryl,

OC&\a,hWI'\ Ocfearyl, - Q00O al k Y\ e aryl,, - CHO
-CO-al kyl, -LOaryl, -NH2, -NH(a Ry | al Ryl ) 2,
NH( ar yl aryl)2, -F, -d, AL, - -CF31 15
-NO2Rs~ferraceryl, -SQ3H, -PCBFQ he aIkyI

R to 12 c%iﬁon atons ppd the @ryl groups
5to 14 carbon at ons d the substituents' of thé*R3
and R4 type may al so be part of a bridging aliphatic
or aromatic ring, 20 and the substituents of the Rl
and R2 type_are the sane or different and are
substituted or unsubstituted, and the substituents of
the R34 Ry and R6 type are | kew se~the sane or
different, andjare substituted or " 95~nfsubsititdted. WO
2008/ 0035 CT/ EP2007/ 055540 9 | n tiyhe pfocess

accor &mg/ tolt i nvention for prepari Tg—Nsubst it ut ed
or unsubstityted 1,7-diolefins by Rydrodinerizing
non-cyclic ol éfins havirg at |east t ¢y
where:

R, Rp = - (CH:),~B

B = mono- or polycyclic aryl

group. hav1ng 6 to 14 carbon atoms or mono- or
polycyclic heterocyecle having 5 to 14 carbon atoms
and heteroatoms, where this heterocycle has I to 3
hetercatoms selected from the group df N, 0 and S,
n . = 0-4

'Rz, Rs, Rs and R;
aryl, -CN, ~-COOH, -CO0O-alkyl, -COOQO-aryl, -0CO-

hydrcgen, alkyl,'heteroaryl,

alkyl, O©OCO-aryl, -0C0O0-alkyl, O0OCOO-aryl, -CHO,
-CO-alkyl, -CO-aryl, -NH;, -NH{alkyl), -N{alkyl),,
NH({aryl), -N{aryl),, -F, -Cl, -Br, -I, -0H, -CFs,

-NOz, -ferrocenyl, -SOs;H, -PO3H,, where the alkyl
groups have 1 to 12 carbon atoms and the aryl
groups 5 to 14 carbon atoms, and the substituents
of the Ry and Ry type may also be part of a

bridging aliphatic or aromatic ring,

and the substitﬁents of the R; and R, type are the same
or different and are substituted or unsubstituted, and
the substituents of the Ry, R4, Rs and Rg¢ type are
likewise the same orxr different and are substituted or

unsubstituted.
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5 conj ugat ed doubl e bonds in the presence of a
reduci ng agent and of a catal yst, the catal yst used
is a netal - carbene conplex which has a netal of group
8 to 10 of _the Periodic Table and at |east one
(ﬂﬂkﬁ9ﬂ§4QQﬁﬁﬁPcﬁ the structure 1, 2, PETHEP404%H/ 055540
RL_"NNiR2 Rt _~NNi R2 Rg R4_+{R5_Rg (1) RBR4 (2) R\N
SRNR R3 R4 rNRS R6 (3) R3 (4) where: Rl, R2 =
-(CH2)n-B B = nono- or polycyclic aryl 15 group
Vi 6 to 14 carbon_, atons aor npno- ol cycllc
131 el i e i T B T4 455 B AP RREORNBE  Br har ing
fethertodtuons] where tmmSumgtﬁtmmmﬂle Hag-Hi2Q effdnd by

f.N_Q S
A P S ST BT P Y OhB Vit " 6l R o
gamsigatred odauble ebendbl y.r0-the nprese28epodf er abéguing
\F%?e%{%o%&??é@ PQE’:EE%QQW Qﬁé%%taj.y%g &% (%%1'3991—
drogen, al Kyl eferoary . a
eaiexﬁomp Lesooriat §it | heere: a190AL @%@ra\am 8 to 10 of
“tm&i@dlc OtgEkr ar ¥ha 2+ G st Cehal l(<:)z‘:1|r{t:)etﬂ.@Ola.Lrg)é{nc’t of
e %ﬁr H %E%yh) N%al%yl)z NH(aryl), -N(aryl)?2,

R1\N/\N/R2 R1\N/\N/R2
Rg’}H&M{L‘R4 />:::<;
R Re ¢} R Re @)
R1‘\“‘N//\\S Rrw\N 12
R%Fﬁ )' (
R R 3) @
where
R:, Rz = - (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 heterocatoms,
where this heterocycle has 1
to 3 hetercatoms selected from
- the group of N, 0 and S, but
preferably menocyclic aryl
, group having 6 carbon atoms,
n = 0-4, preferably 0-1, more.

preferably 0,
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-Br, -1, -OH, -CF31 -N®, -ferrocenyl, -SO3H, -PCBH2,
10 where the al kyl groups have 1 to 12 carbon atons
and the aryl groups 5 to 14 carbon atons, and the -

;‘%ﬁ%‘%é‘ggﬁ?%l ntghgl iRgth?cRyotr yQ?oE%F%II%%ﬁﬂméHa““

the substituents of the RL and -R2 type are the sane

or different and are substituted or unsubstituted, and
20 thersulrsti Ryeais ®f t he- R3yaf¥ged anRyR6 hyperakeyl,
|i kewi se the sanme or dlfferen{ an? are tit_ﬁlbgc_i QL1
unsubstituted. In the cont®xf~1 NISI tionm, aLlkydl,
substituted or 25 unsubst+@Q-etryl ,7- di-@lG&fHHaddkydr,e QCO-

understood to nean conpo tREcHur e

RI1 R12 R7 Ra RLO (9) SETLOL PR gy Soloordev,
i ndependently an al kyl groupiC. whi cBOTalkmtti cubgP-payl,

1 to 4 carbon atons, prefenghly MZQA8,4893559y (a1ky1),,
PCT/ EP2007/ 055540 - 11 one carbon atorhr/]q or a h(al og )2

group, especially chlori 8 {a%ly parfilegyasz. -F, "-Cl,

enbodi nent of the process -ameordi-mg to-om, thecr;, -NO,,
i nvention, the netal-carbe conpl exes hav rben :

| i gands with substituents i Xl , T i’?m REPQ)’F{Z'
R6 type, which have at | e&&ra)néheubikyﬁu@ltodpsomam 1

group of H, -CN, -COOH, - gl Kyl 1 gﬁp

al kyl, OCO aryl, -0COO al kyl, 55:05 g% 16he
al kyl, -COaryl, -NH2, -NH(ra'leyIQ)rOU-pﬁ(aﬁkyltPZ 11 carboen
NH(ar yl ), atoms, and the substituents of

;_,‘4

the R; and R; type may alzo be
part of a bridging aliphatic

or aromatic ring,

and the substituents of the R; and Ry type are the same
or different and are substituted or'unsubstifuted, and
the substituents of the Ri, Ry, Rs and Rg type are
likewise the same or different and are substituted or

unsubstituted.

In the context of this invention, substituted or
unsubsgstituted 1,7-diolefins are understcood to . mean
compounds of the structure 9:

Rg Ri1

\ \ Rz 7

(9)

where R; to Ry; are each independently an alkyl group,

which in particular has 1 to 4 carbon atoms, preferably
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“N(aryl)2, -F, -d, -Br, -1, -OH -CF3, -N®,
-ferrocenyl, -SC8H, -P0O3H2, where the al kyl groups

.contain 1 to 12 carbon atons and the aryl groups 5 to

15 In th di
?@i}qbec@c’%ﬁggferenc " |segP\r/g(r:1€fg 3:?% ﬁ%‘? ?0'{:%19%%'1:‘1‘%0

conplexes whi ch have a netal sel ected fronrnlcke
rhodi um palladium and/or the netal. However,

Rald | Gt mforpr efeseNCectS @i Ve tdye?D Usidig, especially
rﬁ%{ aI - car bene conpl exes whi ch have pall adiumas the

% the context of this inventi on, carbene
Ilgands are understood to mean both free carbenes

28 T Pt e | SR SR I SR Whping, o
ttlbé3 iLvEeRtion, téqeefr@rt@ﬁce:arsbe;ra/ecrpmmle;samglave chrbene

Nelahusarhene semll%e%tswfcftﬂéa Jak, | east oneg. o g,
car bene I and sel ected from structures 1"to 4 Wﬁer

R¥DCo RERLIChy didten 2tThécABEalOBD SANSeHEUEHT| EXeB “the
gseappref eHabl yolavecabl, eastoongl kERS be@@ol—b%md ofoco-

Bfvicul BFBERERL oncacPe-S0%h - t QOeRP B et al S heifd-
edhpliexeSOonhirgh . halle; at - Nﬁaslkyine caNbehryl) j gariaafyl),

t cture whe R3 e ea 35 roge
ng %W hd R2E2\/\,hergfh gé]p are égéh am'/rf‘he nNOZ'
ofeZracenydi nerﬁ@ls%henyPOJ:ﬁzoup WhmGZOGQ)IGOO%LSQfl groups

BEhLEPR0Q7/Q55PA0carbdR aEXARP! 881 oéh&awﬁnegkbgggd% to
ich orresgond to the general structures or 2,
dCE‘Bﬁ‘BFe?E MGEhi ch contain such l'igands, are already

descrr bed in the technical I|iterature (WA. Herrmann,

G, SO AP ORI 5 087,109, 220, oen o
@MKVe@stt@ItumlyTg :freta/%sckmﬂpenevvs@mpr:ekeﬁawhicn. have a
Reganonkh.cLhem £ 200041891 , 186504 440411988)m and/or
the metal. However, particular preference 1is 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 Rsg = 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 Rs are each
hydrogen and Ry and Ry, where n = Q, and B are each a

phenyl or 2,4,6-trimethylphenyl group.
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10 The catalyst netal, which is preferably pall adi um
and with which the active catal ysts form under the
reaction conditions, can be introduced into the

roc ing to the invention in varlo
?@8a£§8%égigﬁggladlun}carbene conpl ex, PAAEEE 2993/%55540
pal l adium is present prefergbly in the (11) or (0)
oxidation states, b.) in the formof precursors from
Vit & 1 de @ﬂabasbénezol:égﬁldsﬂg mdﬁ'hn @bwesﬁbha G the
and. spher

_ b h ak .
L%Fé%rag gt rucmup%sEL Oﬁf&%eéﬁﬁ%gg??%ﬁ$ﬁ%?a hégﬁtgbggaln

net @th dogphdxes are hlrehedy pissebilbed yins tie technical

@%gggl I| a ds coor { | th tral
met a %e cgr ene}évf}h([:l fg %i)?éggnce |§gﬂlve0hem'
lﬁﬁ%ﬂto %Jnézéabléﬂg@W(OFhﬁﬁd/&mtrnﬂ@adE@@%ll}997 36,

corppundsy . pakt i Ssth@l pr@fﬁrﬁncéstét8h¥§9 t 0pUSBYkamp,
paIIad| adiun(|1) acetyl acetonate

u acet at e
ah? ort %rgs”@%rben Iléé’?gé%’é’f%e) adi @ﬁ’\ Qo) . >Pme 186;
@H benelt igpdyds of the structures 1 to 4 are used 30
in the formof free carbenes or as netal conpl exes, or
obtained in situ fromcarbene precursors. Suitable
Cdrdbepetpiestr setslar evhiach examplefersailys pdliddium and

PRI LIRS GLORYE A0 MER e eaction
/9oTHIRgRNSRE sCPB) HBS Ra lpgyrodvicedrt ~pate S Rjhe- . process
Ned W2y R3HRRa A MG dnl )i iR rBloudRhgs ot he

substituents of the RL to R6 type are each as defined
in the structures 1 to 4 and Y is a singly '
a.) as a palladium- carbene complex, where the palladium

is present preferably in the (II) or (0) oxidation

states,

b.) in the form of precursors from which the catalysts
are formed in situ. This can be done by widening the
ligand sphere or by breaking up bridge structures,
proceeding from metal salts or metal complexes. A
further possibility is the exchange of ligands which
coordinate on the central metal by the carbene ligands.
Preference is given here to using palladium{0) and/or
palladium{II) compounds; particular preference is given
to ‘using palladium(II) acetate, palladium(II) acetyl-
acetonate and/or bis(dibenzylidenéacetone)palladium(O).
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
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15

20

25

charged anionic group or, according to the 5
stoi chionetry, a proportionate anmount of a nultiply
charged anlonlc group Exanpl es of Y are hali des,

droge sul phate, al kyl sul phat es
3¥ éh?jhﬂ borates hydrogen- 10 c&FB4#BRA07/055540

carbonate aIkyIcarboxyIaLeqﬁ aryl carboxylates. it is
possible to rel ease the correspondi ng carbenes from
the salts of the carbenes, for exanple, by reaction
with a Base. Suitable bases are, foﬂ“exanple netal
hydr pdes, al koxi des, 15 car yl.Aeal |

netal.\am oxyhafg§ ‘et al anrdesfﬂg?‘ tal N ydroxrdes
The amount is/highly dependent upon tRe_type of base
used. g §arbene conpl exes, preference i s given
20 to usng &st 0 50 Oooﬁgnl of baserper nol'g, of netal
preferably 0.5 to 5000 , nore preferably b.5 to €}
500 nmol of base per nole of netal. It is also possible
to use m xture of a plurality of bases. 25 The. '
concentration of the catalyst, reporﬁ%d in a fornal
sensk~i mass) of netal bas Jhe ovegal | nmass
WD 2008/'90355 PC.’I'/EP2007/055540eq of Nt h hegl
reaction xt/ure is, at the start of ng_/

hydr odis [ "®n in the process acco |n@ to the

i nventi 8a, p ferably 0.01 ppmto 0 ppm
preferentially 0.1 to 1000 ppm nore preferably 0.1 @b
5 500 ppm and nost preferably 1 to 100 ppm In a '

R AL Uhal | TR OT o £ hen Br eﬁ C@%?é Ng-d O %&? as
i nventi on, i's concentration o e cat St may
fseleépnérnrﬁéer AT HNFToL] t6f tar BeAe Yi géind t®ingly

RlaHgdss - praarlerrabiy Py t00250 1adaoefﬁ&@bl Y &b 1 lthe
10 t.0,100: 1, nore era 1: 1 to 20:1. The carbene

Isﬁﬁhﬂyaﬂﬁ?tﬁg'suﬁpl?%ﬂp?ﬁtf F%ad??QHF§|1 pufk, multiply
dihesolededndbniin gheubar m of nmetal conpl exes. An
addi tional ligand can be supplied to the reaction at

Examples of Y are halidesg, hydrogensulphate, sulphate,

alkylsulphates, arylsulphates, - borates, hydrogen-
carbonate, carbonate, alkyicarboxylates, aryl-
carboxylates. It is possibie to release the

corresponding carbenes from the salts of the carbenes,
for example, by reaction with a base. Suitable bases
are, for example, metal hydrides, metal alkoxides,
carbonyl metallates, metal carboxylates, metal amides

or metal hydroxides.

The amount is highly dependent upon'the type of base

used. In metal-carbene complexes, preference is given

to using 0 to 50 000 mol of base per mole of metal,
preferably 0.5 to 5000 mol, more preferably 0.5 to

500 mol of base per mole of metal. It is also possible

‘to use a mixture of a plurality of bases.

The concentration of the catalyst, reported in a formal

sense in. ppm  (mass) of metal based on the overall mass
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15 any tinme 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
carbene yrsor, —or el se belong to another

&% @&anple phosphor us Ilgandg %%@?i?ﬁ@gﬁﬁo
trlphenylphosphlne In the ppocess according to the

i nvention, preference is given to using catalysts
W cithedo reek-thave anxtpRespherusaki ganes; spar:ti cuf arthe

nce 1S ven to ng cata sts whic
B Bl 22lhe 1 gaie. SAEYAR y BoO0T ey 58 the
pmﬁkaﬁenme to mmaﬂpn&hkﬁystsOWMIqhmhave texcl usbhved yppm,
fit c es fter
%ﬁ%&%ﬁ%mt 43R e égﬁi6%§p?ggg3§ﬂ& m%reiﬁf% rd%lyAd(ﬁ to
ﬁ@r%\mm armldr ecrsmﬂed porfarablyr eadct iton. lﬂﬂ sppHBO In a

gﬁ%\i@uﬁ%n dosdfReledo £l Uh X3Pl Ess DY cHBRAING! B the
istillation, extraction, precipitation or _adsorptian.

W@qtﬁé%at%ﬁ%tc?%c%?%%‘?&o%o%l shel yaselysit WY Pa 1
ss:fe)com p%aSG,THehl 8a€as b[@ndjlo/ﬁﬁalb]y @lfSIé@ﬂ'lﬁexﬁeEpdﬁ@’fah@ln to
of .t ases gotec st act | Ll.eS ng.
St 119 o8t SFpr AR Y 0L Oiite o BRE: by o et SHARING gt -1
to ttheé : ﬂwmﬁ:m@ﬂeﬁem@éyeﬂt_rlem YO0sdal | armounts of
catalyst. As a result, W 2008/ 003559

PCT/ EP2007/ 055540 - 15 there exists the option of

Abe rmeadiang tblgaeycrant e sWwrlied b et gt iagw 1in

eangeNtd:ddAR%Ed Not hen KeRCt# O8N NHXt HeRa15 é@fi‘@ﬂe@ces An
netal-carbene cogglex whose oxi dati_on nunber

pedgsdgratni s | ER2mR oPtEPBRAPHY Y% pRe- F@&G&é&n at
bef,orameheankly drrodingerdczaid am thhe redicimg aganiliusets a

CRILENLR PUEPORS, MG DA de e [RetDE [SOHEIBY. Tnis

imertzatio 0SSI

- pddactiipgadgehtganl amey f bikewaspl ebef ormi canoénde or a

EQH;@E%SU rﬁ%r%%%” ol kaklk Mhalhdorohyfotdes alkal ios
ligands, for example phosphorus ligands, especially

triphenylphosphine. In the process according to the
invention, preference is given to using catalysts which
do not have any phosphorus ligands; particular
preference i1g given to wusing catalysts which have
exclusively carbene 1ligands, —and very particular
preference to using catalysts which have exclusively

carbene ligands of the structures 1, 2, 3 or 4.

After the hydrodimerization process, the catalyst can
be removed and recycled for a new reaction. This
removal can be effected, for example, by means of a
distillation, extraction, precipitation or adsorption.

When the catalyst is present completely or partly in a

. gsecond phase, this can be done by a simple separation

of the phaées.

Owing to the catalyst activities and stabilities, it is
possikble in the'process according to the inventicon to

use extremely small amounts of catalyst. As a result,
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hydri des or boranes. In the process according to the
i nvention, preference 15 is given to using non-cyclic
olefins having'at | east two conjugated doubl e bonds,
sel d m_ 1, 3- but adi ene, isoprene

%M&&P ﬁ@ chloroprene or corre%?%%%ﬁ%ﬂp7/°5554°
n1xtures whi ch conprise nonggyclic ol efins having at
| east two conjugated doubl e bonds, as 20 arise, for
@h@ﬁé eax 41N eher apking RIFOCESS. nEéﬂfLﬂgelﬁ@e rd@cgue/eﬂne
to.u % 1, 3- butadéene n tge rocess rd i ng t th
£RES H\? nt iR E9rheEhonFR§ el L%l ecforﬁ:senh é’ngt lé'ést €
trwactdopugatedre25 doubl e bonds nmay be used in
stabilized or unstabilized form Suitable stabilizers
are preferably free- radically active inhibitors, for
Whgmplee wtigl sranbepheponsl enl Mpcsee @xcaedclon] qugoer is

st ablig Nody! HAd CRlnbled MPArdd €11y bd Ner LI PESSSd
according to the 30 inyention, non-cyclic, olefins

WRLER Sh chVAEPAABETsEabi Pz eThY BedbGbRy| sgent used

' ;'afe)getthlafé fonemoalek ylagt e mcsalortcstt&m erdh ity agent
- radi.cal s

re.used. .l n the proc accordin to t he
PREnE o D PR EHER T e T Ui ToRi g | Eoents
akeflnﬁowhlehamaWe, asoam38 saabdllzémrm@i&qlafmxﬂrogen,

Q?ﬁ??ls %@fﬁfﬂﬂﬁhﬁtﬁ?aild ?dlcaﬁﬁal ar %%!aralumlnlum

erence 1s given to sta oxy Ca S as
vabidegeps, bpsaneganpl e 4- substi t ut ed_ or
unsubstituted 2, 2, 6, 6- tetranethyl WO 2008/ 003559
PCT/EP2007/05554O é eridi ne N-oxyls
@§pé€F%JP§°9§Sﬁy8F8?§ zngz %, the Hépggtlon preference
fret hydvprpeebdivse iy oxyh - OYCJZ;LQ @lediety ameeyd - at least

i peridine. N Oy Th bilizer y- al ded
?Wg r eact T OROR S %ure(ﬁ% %% pré%bss accogg%%gt?% the%'pom
5, Bnbehefopnsepat avelrgnér onl t hepaopadyehe c ottefdrpprene,

Ege LEOYELPgA08P1 Smi'éﬁgréél tvbﬁlcplﬁocg&ﬁplaf§@r%&g—é)%llc

e I nvention: may formc acid, formates and/or

ﬁ}@ﬁé@énhaﬁﬁ-ﬁgeﬁénééalss’? Fiipe ik P UgsitRg [rdale Randls, as

arise, for example, from a cracking process. Preference
is given to using l 3 butadlene in the ©process

accordlng to the invention.

The non-c¢yclic olefins having at least two conjugated
double bonds may be used in stabilized or unstabilized
form. Suitable stabilizers are preferably lfree—
radically active inhibitors, for example alkylated
phenocls, alkylated catechols or stable N-oxyl radicals.
In particular, in the process accoiding to the
invention, non-cyclic olefins which have -either no
stabilizer or a stabilizer selected from alkylated
phenols or stable N-oxyl radicals are used. In the
process according to the invention, preference is given
te using non-cyclic olefins_ which have, as a
stabilizer, alkylated phenols or stable N-oxyl
radicals. Particular preference is given to stable
N-oxyl radicals as stabilizers, for example
4-substituted or unsubstituted 2,2,6,6mtetramethyl—
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10 Exanples of formates are ammoni um formate, organic
salts, for exanple triethylamoni um formate
trimethyl- amonium formate, tripropylanmoni um fornmate

B A3 dBd B Lo e Sour um OBy ER3RYT 408 55AP

fornate 15 magnesi um f or matig; and cal cium formate. The
formates may be added to the reaction in bulk or in

t}j&'@é&ﬁﬂidﬁd—@:{:{ﬂf} Oésﬁecpaemgr adhiyAdrskd U2 BOk, 6-tetra- -
t he, al kal |

f t b
SRS S AL LA Torm e poonche prgparedy
hyidwed digrss Nkmxmhy @heosbebzalgeepmayjdIsnantaﬁded to

%{jé oflegf:"ls.l %{)&% nPHO)ﬁlh%e gz-:rgges p:%%r@ﬂ ox tdoe the

sour ces use € gases conp carbon no
figyveaxirgs @eg:}ﬁ\rxtamszslms T (ul@ @@nmmlﬁrce)ol@fs-nm f or m
one nole of 1,7-octadiene fromtwo nol es of

but adi ene, ;one nole of form c acid or formate is

(Ui FRAUE RS ANssihst rySef éfle FleacPreRpsSDepitidigidnto
tdiee 1 dagtdriont hewegnt bee gartit andiapt i gBakkyean and/or

ss of reducing agent can be added cpo eI
NSl BoEr P Rel ot TR [ EPr e AT, Fefl ™ acia.
Eedugileg  adenttocaatiee meter edmmpninm héocoutse obryheic

£AGH O%o%\@l&{}n 15 ”Eﬁé&'g?ld%xﬁm&?iﬂ? afo{»ﬂgtéedk‘ﬂﬂ?ﬁhyl-

agent Int 0Cess acc he |nvent|on
fEFIATE Ul i %Prrzm@a dtléépﬁ@Pﬁlé@mPﬂlPﬁ feameder smdfatheli

mRAGH 0ndS WWeaithe fenmie agiddis ighiddl | Yespecially
har ged % deactivatign of the catal yst can be

gtﬁé%‘gx})&i WE2568/ 069559 PCFPEP2667/ oBBBﬂGSlumﬂfOWi%ﬁe
Irrm@ma@almm § arset casridedledum Npages . Tl?@ f@ﬁh&‘ﬁ&h may
res | erably 1 to.30 pr.ef erentia

Peoitics ' BoPiHe Al fod O s d0BPAL or PiR) SR ffiad1Fed

ﬁmﬂm(nrlhenprpaeg&Mud1snbmr Fergdsesanfcer, exmnphikali
?n%rtk&qn ﬁéﬂﬁég@sorcarﬂ tﬁgg%eﬂa{r%o‘? EQ%g\eb&l?et QU3 i8n of

plurality of reducing agents ongsi one anot her,
ﬁ@gméga@mqgfwﬁqﬁct@%|@e5ﬁa hydrox1des 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 (H,/CO

mixture) .

To form one mole of 1,7-octadiene from two moles of
butadiene, one mole of formic acid or formate is
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 is initially charged, a

deactivation of the catalyst can be observed.
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hydrogen. 10 In the process according to the _
invention, the ratio [nol/nol] between non-cyclic
ol efin having at |east two conjugated doubl e bonds

1 aPBRDEPRSE 271700 . 1 ant 15 or b STARERAN O55E 40

to 3:1. In the process accorging to the invention,
preference 1is given.to using solvents which are inert

Lm]deﬁ thedrsgact i DH cgnstit ians, 1 @diliilng agent, the

antial l i nert 20. behavi ui t ahl e solvents
SrEa L it S ontattiearty (M0 S a0 VO par,
hgﬂ%ﬁeammbnsllﬁn1hestofoﬁ4 baanplehpyrhgdmegand is used

et o TOrE® (BB o wriergn i e

NIRE DT cPﬂyl ersenehe dearhon rddessidé r GXHIMQeracet o 25
nitrile and benzonitrile, ketones, for exanple acetone
and netgy et hyl ket one, carboxyllc esters, for

eXampPe PO cEP allde & hBLSratdEYerdnpredneing| agents
taeldngkliﬁtd/é gidheanotaki-ahy 860f Usasinp b 0X@8ni @NiaAl®, and
q+ and aryl ethers of ethylene glycol, diethylene

:%é%? Ahd 30 pol yet hyl ene gl ycol, and other pol ar
solvents for exanple dlnethyl sulphOX|de

1Ing g ?})ch 4, g&g&fz(%flllghIE r o- h%(fﬁ)ventﬁo%’dl%%eratio
sﬁﬁmqﬂl{éql%'ﬂe beﬁ;—wﬂﬁn é?@l-dwmt@l@fcln having at least two

tc&:trfﬁi@édiéli h'd%@tlﬂﬁ’ée gxhds. L9BiC Aﬂcﬂu'xde%ucfﬂ
35 i f pyridiniumsalts,. al so be use
xre B0l i0dnt SHRL TR LsEHI drd o e sk and

: amreﬂpﬂaﬂmmfy & :f1f ercerst: 1sol vents. In the process

according to the invention, preference is given to WO
2008/ 003559 PCT/ EP2007/ 055540 18 wusing sol vents
i cHidapeogesel adomerdiing ect r iche constrantornf BPeference

]_L%O dfed LEMRESAIHT E605egP ) hi@sPes &l Il¥.8§'9| VEHS the
ST

sel ected from N yrro one,
KeRCdiLeet h(floﬂéllﬁaﬁ’p@e arneeﬁwbsm pheRitenthadlly inert

behaviour. Suitable solvents include aliphatic,
cycloaliphatic and aromatic hydrocarbons, amines; for
example pyridine and 2,6-lutidine, amides, fbr 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. ZIonic liquids, for example

imidazolium or pyridinium salts, may also be used as

solvents. The solvents may be used alone or else as
mixtures o©of different solvents. In the process

according to the invention, preference is given to
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5 dinethylacetanfde. It is often advantageous to
performthe hydrodi nerization in the presence of

bases. Exanples of suitable bases are netal

hydr oxj ecially alkali 10 netal dr oxi des an
é%ga$$¢é¥§§§§%§netal hydr oxi des, neta?c§éFBBHQFé§5§ﬁﬂo
metal hydrogencarbonates, - egpecially alkali netal and

al kaline earth metal . carbonates and al kali netal and
ahakﬁhg neseafrtahtBEt alhidyydregeacarsbonaé By ity dr @xdestric

rnar i u hosphonlun1|ons o
TR "2l P T ol THEP orlrioe PG TAGIS g 20°0),
(ﬂﬁﬂﬁn@dlkyasoﬁsenUEtwekyuukﬁsff@m Nemaﬁbyépyedbmmdone,

eﬂnl\ge{iﬂﬁeé 8}1@ Qﬁﬂ@yl am c?fme org %?m ! ogen and

bases,  espec am nes, for ex ?fan1ne
tinrhy larate f%yrldlne It is also 20 possible to

use carbon di oxi de as the base. Preference is given

to using al kali metal hydroxides, alkali netal

ditkoxi d€s or OFBRRI ar YPAWHERIRRUbasedd n t RETSPERess the
agwdﬂmﬁl&atdi@n m&emh@rpré’éeﬁré@ SHTOE e OF Eﬁ&ﬂpyégdof

an .be added to gf rization,is %gézl
ki RPHE t RESt &S d. TP P :
a@makhhmﬂr@mi@QS|mw@ﬂalkallmmeéarehcawﬁaxuhﬁﬁrbmldes,
0 ably.

m)l‘%;q rm?eéérpﬁée aletrl% 'y % nol %rfét%glo hﬁo?g)gé?ﬁégrég?ates’
gesesigdily 0 astabt o metabl vpndf @ééqadln@onmﬁmﬂ’h metal
Q@&%n&r&etshea@a eliikaiSedmet 1l il SR1kPPSSL Dl AP USELa1

xt ure o% a pluraljty of bases in the process
CERG AL EPRE Snv efY PoRx148S Fit t REaSFEResy ammonium
amcop@og@h@mumme:xmmﬁntabmoxiae$s e@@lﬁ&b@geoﬂﬁeﬂ$&iﬂes
i di ents ,are present, jn t eactign
Hek e P9 AP Rce T hey  TRatr 1o t e idicr ST  OFMrFon £07

Xt'dre, Since cre

‘@kaﬂplﬁroé@dﬂyﬂbyammﬂﬁHIQ%Hilﬂthiﬂmssdiﬁtﬁgﬂdﬂide and

%98%41993%%? FRZ00LL 05334 gc:léﬁl eﬁﬁ#h%% by, f,he,
neut r al uci ng” agent s, ydrogen or
Fépﬁﬁpggamlne, trloctylamlne or pyrldlne It is also

possible to use carbon dioxide as 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 1is given to using 0 mol% to 100 mol%,

lprefefably 0 mol% to 50 mol%, more preferably 0 mol% to

20 mol% and most preferably 0 meol% to 10 mol%, of basic
component, based on the olefin used. It is also
possible to use a mixture of a plurality of bases in

the process according to the invention.

For the process according to the invention, it isg

 advantageous when no acidic components are pregent in

the reaction mixture, since they lead to the increased

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

In the case of use of pure formc acid as a reducing

"5 agent, an equinol ar anount of a base, for exanple
- triethylam ne, can be added. Preference is given to a

% ocess accordlng to the invention in which the formc
G #908d983RG%gent is reacted conpl et®FY ER2HAAORR540

Wi th a substoichionetric ampygnt of base; this neans a

10 stoichionmetric ratio of base to formic acid of 0:1

easukel Partindl akepretereneerdd dom®ikit@ t Bgents, for
enbodi. ne in which formc acid is netered in at

t
FEGEPLEN YgﬁﬁﬁgpapﬁrgorWﬁF@ﬁ results, owing to the
high reaction rate, in a spontaneous reaction, and
rm,c. a canrngQt_ 15 beco rlched in.the react
o ke 8+Qe ﬁgslgg%éog % g%anou £ %%ea?eﬁbl |%Pg
sognitf | cant | goeEneibad, amrunit ceh @vehabe d|é@9ngeﬂmmple
W!r‘i'%tﬁg'ﬁ'aﬁ&h)é 'crar; @epaeasas CAHAiNg d 01% §iven to a
invention, th hydr odineri zation is 0
BF@P@ﬁﬁblafceﬁ@épga thridssutrvertiopoinoghsh 4fe formic
&eﬁerﬂuu@_ﬂgf abefitt Ois 2§ea@rtedThﬁxﬁﬂm@é@ uwtﬁaﬁtngor
hydroq?nerj ation in the pro ess accordin
v et DR F S et er 5l 9m§BnFo°f1 ©pr EFEF aby n@oa
B001aﬁ£bmedrmnr&anmﬁer@bbaséOtbofdﬂﬁﬂa ddied po6cess to

ceor e in oper at e
$6507 4408 40P AENELEL90e 3 BRI ot ppagymen
ihe W@S@hofﬁQmWMQAn@ﬂldea@$ormﬁypégd Eitanplegs ofeaction

'E@ﬁﬁé%ﬁuréa whiseh the.eact i gpcan.Herper fh%ﬁliedrf%@cmn

stirred tan reactors, stirred tank batteri és ‘
FabBs aRda| SBANEABSEHSr & S2CHHInatichL odmid frcdce fannot

béaﬁﬁl@f %naﬁ@héhSﬁﬁgtWS&@éeloﬁ omﬁx@ﬁgl e1a Shikl edise,
nk reactor ownst.r e
L6 AT53550 HCTPERSOGTIHSSID 12 FH MR CRBE Yo educed,

oeatti canwhveh hei déspenséfiewiehcénbhreédy . renoved by
known . processes, for exanple by neans of internal or

external coolers. Specifically, this may
In the process according to the invention, the

hydrodimerization is 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 accorxrding 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 differenf reactors are also
possible, for example a stirred tank reactor with

downstream flow tube.
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mean t he use of tube bundle reactors, reactors with 5

cooling fingers, cooling coils or plates, or the

cooling of a recycle stream(reactors with

c ecycling). For the proc

t é #é@%ﬁ?@%%s§ is not 10 necessary%?%/ggﬁggqéggsgzo

conpl ete conversion of the rman--cyclic olefin in the '

hydr odi neri zati on reaction. The conversion of the

ntine chekicc ol eteact Soh hetdkbr ear«ed et ablohaA0Pedorion is
wPr bly 60%.1t0 999 mst r ef rabl 85&

%9&8%@§9|n th%éggéez%-cess Sétef%g CONVE S|o§ Yof" of

n@mt%wmﬂl<:qgle@xhernalhexpﬂ@ness Saccmfdcaglyo t%&&s may

vent e, Lther ey, he iR 'éﬁfoﬁ%gegeafﬂ?&g@t' %#gtors with

by- products, since the reducing, agent 'S

FRR bR oAl y. Conling casklef ase @iateérm er the

acd sl Bsg the 4 edde) fhe agePbamt Nk-8aABYrkeadchoc20@culation,

Jsonerézatlon reactions. In the case of use of .

s a reduci ng agent, hydrogenati ons can be
observed in the case of conplete conversion. The

roce according_to.the
|nven?th£kéégggvgﬁ%gﬁio éfjgﬁeﬁﬁornege t% fhlt ®s not
eatarsian otoomajersvescomndetex et esft e non-

RQJ IS | 2akicen Ofn n%ecyﬁyafoaﬁhsﬂ Eét{‘@:‘{' %a%ttlo%ast The

two conj ugat ed doubl e bonds and, as result, |owe
VAT P tbstEReut él@nsﬁycl}ﬁgubéﬂetﬁﬁrbd is' therefore

brbﬁdﬁlﬂfy n809'3Q:oThQOO%§ICtr§c5E§ @}‘rletfl%%amgce@fg— to 99%,
accardl n e i ent | cana elntlia Yy

Hea i e seteher Y Ther e LR bheer Rl Famplete
cmIdietyi oS caﬁ bEhestmmm+e&m&hclrbleflzpantncuhar process

?ﬁ?ﬁgﬁﬂﬁﬂ}st is ?.fgﬁ&ﬁﬁéafﬁﬁgrfgﬂéﬁ%lj "and ??nrﬁﬂéf§%886

ﬁcmﬁlalﬁl'ﬁé)r @hdbyheragucegel isdnslef the aredagdded smmht is
the BPREOPr Habeeteactd ppicandibi ons ane esiabl | %h%e of

thereafter, In particular, ,it is advisable in the
FOECESs ACtDr @itng e FIREGHVENt FORRE 0 Heder TRy t Readip to

2Q0H=0032%9 cRCHER2ZARAN5524he dhlse of use of hydrogen
ag a reducing agent, hydrogenations can be observed in
the case of complete convergion. The hyvdrodimerization
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-diclefins.

The reactants of the process according to the invention
can all be initially charged together and thén the
appropriate reaction conditions can be established. In
a particular embodiment of the proceés 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 1s advisable in the

process according to the invention -to meter in the
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reduci ng agent in the course of the reaction and not
to initially charge it especially in the case of use
of formc acid as a reducing agent. Even excessively

rapi addition of the formc i
r@%ug??éyéééﬁﬁb 5 can lead to | ower yi§ﬁ32E§?°%7’°5554°
1,7-diolefins. The exanpl es athich foll ow are intended

to further illustrate the process according to the
i Mt 1o agetthoih ARy cobeséi of thatrehethameahHOﬁobeto

re%%:lf% %%%e Ei’i?b%&% |lg§'2t b sfjtrfpe case of use of

(Rumse t¢¢xrétéh§/| pheaghying dagehtunEven excessively rapid

LSO S :
%HS Bls(fggi%t%$$n£%h§ é for ?n?%égo |un1cﬁﬁgﬁ%3g Fgent
;ﬁ%ﬂxﬁ%ﬁﬁkﬁpt r} Ped il X igihonet al | i cs
1999, 18, 529- 533 The 1 3- bIS(2 4, 6-trimethyl phenyl ) -

i dazol i um chl ori ed in thi,s way |s converted
T TS0 o eaderde A48 T OPEORESTs 59 g tF Cher

20 NesGHtzeree  dilssol pﬁe@bems 4A5ageotdinad er tandthhenlﬂﬁeﬂtgon

S T PR U O, P B

,auscﬂhms dnmmﬁdxME

1, 3- bIS(2 4, 6- trlnethylphenyl)inidazoliun1ch|oride in
25 45 of water. A |ight grey solid precipitates out

_a%'mﬁ]sefﬂ terPé’@Pefre%Oeh REGAthe t canhBREqueREryd thes-

@, id 65 iwashed pMeny 19 ihditd=l 2 1Waine lo -3 g -0 -cresol
tert-butyl ether. After the drying, 18.9 g of
bis(2,4,6-trinethyl- phenyl)im dazolium
d-.Sr-ésiexi2d d-, o-anesat haylehantydi ied da Z80 iwiri chchloride is

ds.,t Yi 9 le 2 .
B SRR TBy Y EEL ey, MPto AR 02 6202nBRE 21 sco
459t - bt yPEitr8éRael YThaundes-biol2céi fetyimetioy lnleyyl) -

quwzloaqlu%m é}ﬂ%ﬁtcf‘e ﬁﬁeﬁéﬂeé%ﬁd £nh 0 ma%c rlos%) colySdied
bis(2,4,6-tri- henyl )i m dazol i um
%‘br%%%xF@gﬁ?QRQE§&P9anﬂre%P§B%ega@f EQH1 F hethdwi Ge of

(Mao@ﬁ%re‘ rie ek B e45 dgseel wadeln 2200 thetf £ eﬁf_t} Yot

ot ed DemELDY!, MP 20081003529 PAILER2007/ 099240 grey
liquid. This solution is added slowly with stirring to
a solution of 20 g of
1,3-bis(2,4,6-trimethylphenyl)imidazolium chloride in
45 g of water. A light grey solid precipitates out, and
ig filtered off with a G4 frit. Subsequently, the solid

is washed with a ]ittle water and methyl tert-butyl

ether. After the drying, 18.9 g of bis(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
A-tert-butylcatechol) : ' B
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

- 22 pyrrolidone (NWP, > 99.5% from Merck) and

stirred at 50C for 1 hour. This m xture is sucked
into an evacuated 2 1 autoclave from Bi [ chi and then

ut adi ene (1, 3-but adi ene st abi |
%(?hgggé %&%%533100 ppm of 4-tert-butyl 3§frégﬁ3|°°(”fgé?54°
from Oxeno A efincheme GrgH) -are condensed in at
-5C. The ampunt is nmeasured by neans of the wei ghing
qﬁyfi‘\@llcﬂ)jmsumb@ed 5. Dot t Eeomﬂ}@éﬁﬂ-f)t eénda PEESSIH €at
(tll Par I|ed b}/ means on and ge .
reac iP5 Ated 19 %56“1W1tlﬁ? ® nPhttes, iptog an
cfvdorated aél él e(LQB}Cﬂ(mJ% from Ritedd! -atled Hadkeh a240 g of
ter ") e res I; ept, const t- .20 :
e e R L e Pl
rARRIA%Rd. 1ﬂ%p%nﬂﬁ1uédﬁe§§ch1@N1F@|¢€Cﬂl§115 (#BR) . from

Ritrio tbee £00h & d Se@nd) dgcemuesisihneofi 4 f@t -5°C. The
aut ocl ave, t he %ﬁajct mxture i s anal ysed GC.
ARG bRe- I%%%%ér st | BepBA KE %enb‘&?l%ﬁﬂ% of the

ad aue ladd orgat@rm@jtattwe ofh&Péafiger f uri heﬁr@ﬁ@uyél Sof
|slebffected Tabl ed sho

par t1°¢ul 4 a?‘%]r Vi sg¥e§‘5F‘P§ &E%fe ngﬁ?e reactor is
26:38/e80 3586 Y ICT/ mﬁ%ﬁﬂﬁlu%, Tabl eg lof) fgrmio acid

e gss, 6.0 T B S U oy G0 e
@)_rﬁssgqu uéft 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 cooling
and decompression of the autoclavé_, the product mixture

is analySed by GC. After a one-stage distillation at

50 mbar and a maximum bottom temperature of B80°C, a

further analysis is effected by means of GC. Table 1

shows the particular analysis results in GC area%.
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Distillate 0 97.4 2.4 0.1 0 0.1 Distillation 0 6.2
0.3 092.7 0.8 bottons The distillate obtained is
215.7 g of octadienes, which 5 corresponds to an

iS50l j of 89.3% The purity base n
1@@%@?@&%(@%%9?8 97. 4% The conver si onngr‘}ﬁq’goofvgpmsgeto
acid is conplete. Exanple 3 {$H0 ppm of Pd,

1, 3-but adi ene stabilized with 10

4r4lete -Dbut yl cat echol ): Under protective gas, 0.056 g

of palladium acetate, 0.26 g of

10b\inl’7AL':+y-|wnln:nnnll'mrl-rnlillm
LVUT T OrTTd

T OO S & ;O et Py T— 1

twi|

yl
o- cresoxi de-otcresol [and 0.{108 g of| sodi um net hoxi de
are di ssolved|in 200|g of ffeshly dis¢illed § nethyl
15 pyrrolidong and st{irred pt 50C flor§i1 hoprg This
m xture is sucked into an evacuated Z1 aujoel ave fi
Biichi and thenv240 g 1, B- but adi|eng (st abblized
with approx. |10 ppm&f 4-t efit - butlylQat echol) are
condensed in|af -50C. gThe angunt iscg]‘easwegj by me;
of the 20 wei ghfging of gﬁe pressuri z gas tle.
Thereafter, a greSSJr@ of [L4ubar is:ﬂppll edcby nea
of argon and reackor is feated t 750 Hithin
m nutes, 93 g o‘f’l fornic acj d®are netered | n® The
pressure is keptt copstiant [at—20 bar by neang of a

@)

W J } 2
on S
Further dempouBds

R I R e A e

refdcidegrt ting is 30imnutes. Afterl the copling and

qﬁ%ggﬁﬁ%&%!on obgth éﬁnémlaﬁeﬂ t he. grfduct m'oxtureo'1

A hao " hAr+

I
S—aftar ySea—0 SC—irabte—2—shows—the—partiettar

dabysiletiesu] tsOin BC6-8 ared%3 Tabled2 a) WO K 1.8

Got\dhed

The distillate obtained is 215.7 g of octadienes, which

corresponds to an isolated yield of 89.3%. The purity
based on 1,7-octadiene is 97.4%. The conversion of the

formic acid is complete.

Exaﬁple 3 (50 ppm of Pd, 1,3-butadiene stabilized with
4-tert-butylcatechol) : '

Under  protective gas, 0.056 g of palladium acetate,
0.26 g of 1,3-bis(2,4,6-trimethylphenyl)imidazolium
o-cresoxide-o-crescl and 0.108 ¢ 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
Biichi 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 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
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a) 100 a) (1) asr 010 -rdroro>>P. U Nsa U

041 1 -Ha) J-) rr > Reactor 14.2 7.3 7.6 0.3

70.2 0.7 effluent 10 318.4 g of crude product m xture
' The remaining anount of _for,m id ]

§§§4£%p§2é§§%?ﬁrmxi titrinetrically), PCEIEF%88$IQSEE4O

conversion is only 11% basecds4 on the form c acid used.

15 Exanple 4 (not inventive) Under protective gas,
G flfkihyg off pal ladi um asetaueed.0. B4 g@ftinued reactlon

S R

}ﬁﬂhbhed@uﬂﬂﬁkﬁW&xﬂbhﬂ EHQﬂm¢q;mﬁxtmeshhy Znalysed by

Gt ik N el v obislone, a0 st (et ato80C Lot g

our IS mxture 1S suc I nto an” evacuate
éﬂﬁﬁ@lave fromBiichi and then 240 g of 1, 3-butadi ene
(stabilized with approx. 100 ppm of 4-tert-butyl -
chg%) are condensed in at -5C. The anount is 25
by means of the weighing of the pressurized
gas bottle. Thereafter, a pressure of 14 bar is

applied Dby neans of|argon jand the|reactor|[is heatefd
to 75C. WD 2008/ 0035p9 PCT/|[EP2007/ 055540 | 85 Wthin
64 minutes, 1p1 g of{ form ¢ acid ane $etered§in.  They,
pressure i s kept constant gt 20 ban @y meahsYof a g
val ve. No offgas evo u&ion is measyraf. After the =
cool i ng and dec@npregssgon gf 2he autéilave, fhe -3
[0} v i) —~ £
pr oduct o Bt o 0 S a
ke kel T > o U
L ;
f 3 S & i &
| | 1 - O i
i N i 7 s
el — — # = é
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 inventiwve)

Under 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 N-methylpyrrolidone and stirred at 50°C for
1 hour. This mixture is suckéd into an evacuated 2 1
autoclave from Blichi and then 240 g of 1,3-butadiene
{stabilized with approx. 100 ppm of 4-tert-butyl-
catechol) 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.
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5 mxture is analysed by GC. A conpilatioh of the

analysis results is shown in Table 3. Table 3 a) g r,
0Ca 71 Q0 .UH>N O0O0OCN1 Reactor 10.50 0

G A habpst 11 vont 10 No 1. 7-0ct adl epsetgier s0sssac

(not inventive)- 15 Under protective gas, 0.112 g of
pal | adi um acetate, * 0.109 g of
Widtdir icdprdpydded  dazal igire £ hfcamiide 41 @740 heodred in.

108_49 sodi u Xi re . dissal ved

%g ess%r?reshﬁgpalgﬁq%yﬁ?r%éktﬂg 6 pyPVollébﬁ%‘Df &
anadvgtl rN@d atEfE'aS ferr01uh@un Thi sme@sumﬁur eAfser the
t%%gﬁggl ncltl’lgio?&ﬂel Siguta I ene (st %%L?ez/(gcdi&\{/\‘np%nh ﬁlrg r@&%t
EULeToRe T oflS4 paErlad) | dat ec¥ol ) Aar é:@mvdieﬁﬁsw @i atthe
ap61vERe 2eRuntd S smasunednbyapeans of the weighing
of tﬁé pressurized gas bottle. Thereafter, a 25.
pressure of 11 bar is applied by neans of argon and
Thbler 8actor is heated to 75C. Wthin 65 mnutes, 101

g of formc acid are netered in. The pressure is kept
\AD_20NQ 1 NN2LE n PCT/ ED')nn_II m::r:/ln 26 r-nncf onf of ')n
Vi L VUUVUU ' UUJJ -p vy \VAw AN

bar by neans of av Ive. An anount | of offgas of 2.9 1
i's nmeasured. {The continued|reactioh gtime ISq3O
m nutes. Aftgr the cooling|and decpnfressilod of the.3
autocl ave, the product mxture is an#lysed by 5 GC.| A5
conpi | ati on qf ghe anagysis @?sults %s shcmwgin o
(0] a o — 18] =
- - -H 6] 2 ]
el ke ke, >y o 3
c @ ] O —
NS D 2 — >y H
=] D & > e 0]
m o o & D =
I | | - Q S
O I A A :
—l — J' = = e
Reactor 10.5 0 0 0.3 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

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

in at -5°C. The amount i1is measured by means of the
weighing of the pressurized gas 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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Table 4. Table 4 a) gk rdru a) ~i 71100 GCr, o
0Q ~4 rdrdU (dU41r-A5S4 WOOU.1li Q 41
Reactor 14.4 0 0 0.5 85.1 0 effluent 12 No ; t

- ' was detectable in the crude produc
#?‘it%ﬁag}j e 6 (not inventive) 15 Bﬁa‘éEPBPB?éEW%O
gas; 0.112 g of palladium.acetate, 0.130 g of
1,3-di-tert-butylimdazoliumchloride (> 97% from
ABﬁEétaﬂd 8108 paof ispdiuahBeldioxd deadie. ArSsahMede of

00. g of rsly di stilled N nethyl rroljdone |
T HPgd at§5gcjformfaﬁ’85red Tﬁe ZG:QHP‘%/EHHE& geaction
sttmkeedla: MO reimevas uad Ede? ﬂhautoo]LBmg fnandeBbinphession

n 1 u | X zed W t
wrggs f%%%&rﬁq%‘ 4§ktl§r§j%% )?ﬁ“% are acnoazic}f Srh gy

atA - sompF étaﬁf}umf |té“1¢rea%@lﬁell$)yrﬁsaﬁnssofwt hghown in
w%&gmg ng. of the pressurized gas bottle. Thereafter, a
25 pressure of 11 bar is applied by neans of argon and
the reactor is heated to 75C. Wthin 60 m nutes, 101
Taifle faorm c acid are netered in. The pressure is kept
WO 2008/ 003559 PCT/ EP2007/ 055540 27 constant at 20

hAar hv. mance nf A valvuo AN anmmiln nf ﬁffﬁaQ of .2 Q9
MO . lJ_y T T TS \W A | TX \'4 T v.\,. T\t vun.,v.... T ) :,. -
1 is neasured. The clpnti nugd reaction tir is 30
m nutes. After the cpoling|and deconpyr essi ong
- 0 w
) T o
% - et
)] — s}
()] O Q g C (0]
g o g o 4 o3
il ) ] — Y =
i - - 9] By ]
o} Lo} ke Sy o 0
© o rd 8) — .
i) D 4 — o 1
= 3 U Sy ke o
m o O o D <
[ I | - Q B
— — — < 2 o
Reactor 14.4 0 0 0.5 85.1 0
effluent

No 1,7~octadiene was detebtable 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
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
Biichi 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 11 bar is applied by means of argon and the
reactor is heated to 75°C. Within 60 minﬁtes, 101 g of

formic acid are metered in. The pressure 1s kept
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of the autoclave, the product m xture is anal ysed by 5
GC. A conpilation of the analysis results is shown in
Table 5. Table 5a g 0 a -H O0--1a ~4r4 >10
.5 4-) 4J H>1 ~4 MO0O0,0

o‘*’%-?o&})%%ﬁ%r 10 0 0 0.4 89.2 0.4 SF’FI’EB%PO%OF\BMO
1, 7-oct adi ene was detectabl @7 n the crude product

m xture. Exanple 7 (not inventive) 15 Under protective

.”gﬁﬁnsihﬂﬂZag et pald &@PUﬂéaﬁgtaﬁf,a 02108.928f amount of

tert- dazol i um | i dene 8% fro
g%?ﬁ afd o 1%8ilgrrllosf EBarle e HhSS decnta fugd, cefbegion
|tﬂﬂﬁkﬁ§;1ﬂ himstdsy. dAﬁtefleHehbnelhmg apyr detbmpression

ad@ £ ér %q:o%tla%%C f&[le p%%?lﬁ atT% xtzurc%nr otl;sure 5 se%dby

‘'sucked i nto an evacuat ed

AUt oCT ave

tdten 2400gprsofatignpefaditenearstinupisi rzeduhish isapphoxn in
K3 npm of 4-tert-butyl catechol) are condensed in at
-5C. The anount is measured by neans of the weighing

of the pressurized gas bottle. Thereafter, a 25

maasiuse of 14 bar is applied by neans of argon and

t he _

Q

a o

o 0 1))

1) T T

K -— =

Q — =t
[} [<}} [} = e} e}
o o o Q LN oh
() ] @ — M g
~ - - U b 0o
T e} o o 2 U
0] @ © U ]
s 2 o — ey N
= Q 9] >y g L
m O O = ] o
I 1 ] - ) 4
™M L~ Vo) = = ;
- - - t I
— — - e = =g

Reactor 10 0 0 0.4 89.2 0.4
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 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
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 kept
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reactor is heated to 75C. Wthin 66 m nut es, 101 g of
formc acid are netered in. The pressure is kept WO
2008/ 003559 PCT/ EP2007/ 055540 -- 28 constant at 20

[ a valve. An anmount of _offgas of 3.42
%sfiﬁézﬁi%so The continued reaction FtF P1§9°§6°5554°
m nutes. After the cooling amd-deconpression of the
aut ocl ave, the product m xture is analysed by 5 GC. A

cfdaaii oat o2 0t heranatl yeeangesfl t$ 81880WAn imdiald eof
ro 1l >1 P4

6..TJabl e 0a Na 00 U 6 (d U,
Reap vof (24 2 ey, YnpO dendibd Prpdgtion
3ime-4i sy 3 Reattored 1. AL e thé. 5087idg0abd ééfbdbmenesdDon
y 2 % 1, 7= 0cC [ ecLa i the
Fehe? TR | (ROTRRURIR JRLE 00 CL T e p[bdd oy
tHat hofoRPLlAEEan- odr Hdre anglvehpl sxeyleat dlsyaiyn in

gdedigreri zation of 1, 3-butadiene to 1, 7-octadi ene.

Exanple 8 (30 ppm of Pd, 1, 3-butadiene stabilized with
100 ppm of 4-hydroxy-2, 2,6, 6-tetranethyl pi peridine 20

Mablyd ebased on 1, 3-butadi ene): Under protective gas,

0. 056 g of pall adi um acet at e,

0 | g
a Q 0
1) o T
» - d
O — S
Q 1) 0} K O O
o g o 0 Y] e
Q 9] Q — 1% =
- - -~ 9] e 8]
o] o] kel > o 8]
© © [} U —
D D D — > |
=} U O > R Q
m O @ o I L
] ] ] - [ i)
s - to) = = g
- - ~ | ]
— - — ft = M
Reactor 11.7 0.2 8] 0.5 87.1 0.5
effluent

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

crude product mixture.

Examples 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 4d-hydroxy-2,2,6,6-tetramethylpiperidine

N-oxyl based con 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

1 hour and then cooled to 20°C. Subsecuently, 0.32 g of .
4-hydroxy-2,2,6,6-tetramethylpiperidine N-oxyl (SiYPro
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0.521 g of 1,3-bis(2,4,6-trimnethyl phényl )i mdazol ium
0-cresoxi de-o-cresol and 0.27 g of sodi um et hoxi de
are dissolved in 200 g of freshly distilled N-rret hyI

p ' and the mxture is stirred_at
%?%o%(;&@nwg% cool ed to 20C. SubsequEﬁFV§P28°§é°555F°
4- hydr oxy- 2, 2, 6, 6-t et ranethylgpi_peri di ne N-oxyl (SiYPro
WD 2008/ 003559 PCT/ EP2007/ 055540 - 29 C710 from
E@EJHSSﬂm%S) Déguﬁdde@l(} Thiss adiaddir erhiss sttkegre | 0§ 0sabked

cuat ed Zélcauté) from i chi nd tge 480dg g:

-HuPadi SRS | I i A CardY %o UFhl  gndgghen
W&Ozmofmf]t 1j 8- hfeasdnedeby(ummmflztekﬂe Eamugdmcmgls)éd in
the pregsur 'Téﬂ %EDL&CH g HRELEALIL! 1A rBLASSULE Ofpe

10 bar is a means of argon an reac
jweigEnsy ¢ ?@e Mq&ﬁurllzmi noaat é@tt;i@z JlgredGran c a

el 188 K0%0 8- MBS e455h i a1 %trﬁéaﬁé‘%fr ﬂloéh@aﬁhe

et ween 10

set in, the _tenperature 13 kept
| Q@c%lﬁéﬁ *4 %0 KEptC co‘ﬁ%’%%%ﬂl %%02191%‘&’Fesby2%a9130f

Horanival vecidn agdunbo®f ohtgas neftededl 111'13 After the

fhe contl nued eaction tinme m nut.es.
%‘eet ar ]ﬂ%e c%ol N gg‘gnptreé%%?%%tﬁet h8 é?ﬁpg:cl}é%‘é‘?’een
8 Gorasdci 0 e xt’nﬂhe pgeanakysed her®C cafdteinta d5 20 bar
S ' r_an Xi t
?J;rrp%agftgfﬁrgf o% gg%v a fﬁit%grﬁygﬁa?ﬁsgﬁlgggefoﬁjeﬁég? bf;nls
FRSRTIIG - GCThq’ab?Cé“?L@ﬁf}d\sr?ﬁétEQﬂt i ebmar ignab§srinutes.

REHEA Schd @goaﬁﬁg%an%ﬂ Jdaddfo 17e£%1c§‘n @fr GhdV Sutderdie,
U>10 rorory?i 'le(l

the preduct mlxture igs a alysed 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

1,7-0Octadiene
N-Methylpyrrolidone
Further compounds

o | 4-Vinylcyclohexene

-1 | 1,3-Butadiene
~ | 1,6-Octadiene

o
~1
o
<
[N
|_..:
~J
o0
o
o

Reactor
effluent

jtel
[y
w
fen]
o

Distillate 0

[9)]
[N

Distillation 0 80.8 2.1

bottoms

The distillate obtained is 336.3 g of octadienes, which
corresponds to an isolated vyield of 69.4%. The purity
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30

J34U-Ur ;J UU>101 00r 43i i HN-UZI 1-1
14 ~i rZl Reactor 7.6 70.0 4.2 0.2 17.8 0.2 effluent
Distillate 0 94.3 5.5 0.2 00 Distillation 0 6.2 0.8

Ow%fggoés/%ogssgottorrs The distillate nggﬁi/rgggpig?éﬁﬁg‘ﬁo

1enes, which corresponds to
yield of 69.4% The purity W) 2008/ 003559
PCT/ EP2007/ 055540 30 based on 1,7-octadiene is
942386 dFhelcBrvetsiiapnef itshe4 fr.mThactohverebspl eEethe

E%%@B%{?Jf(fez%c (£ ! {E}lr&)é%%gpp?nagfe 1, 3- but adi ene

4-hydroxy-2, 2, 6, 6-tetranet hyl pi peri dine N-oxyl based

Qe dmpr O US agh @ m yﬁdﬁa DbQE@Ct hV8.988aaPela659a8k 11204
pal | adi um acet a

Wi 59, pom.- Pﬁ ﬁeinwylrr@ﬁé’nﬁh?pﬁ] §atetramethylpiperidine

CN-CcE:@ﬁDMaDEé@ &f esd-mihdiede)g: of sodi um et hoxi de
e 10 di ssolved in 200 g freshly distill.ed
rﬁ%‘?lﬁylpr ;55)?15 dVi®doHES - an [5%@ Hi Qiur @3l agiivmy egicgfate,

E(DCSZ:brg 1 dfour 1alelbti_lgen ao6I-eﬁltnetﬁg}ﬂ?phStip&eﬁmedhlzw1um _

2 ooy 2/ S0 O BN PR AL DS e are

th;EeEtQMEain e as2a® daset arérfa@ﬂdbxd dhsslhi&durﬁ -ingthyl-
A8 ananQVaﬁE@t QQX%uJ:eaUEQ‘:ls@i.ecre'éo”éLB' Il for

and then 480 g of 1, 3-butadiene éunsta ilized) are

T ] 1 - et Sorhied apiint ubrREseR el byl nang of
af - Hyheroagi-ghing @‘-ﬁelteran@t@@&wp?a&q&a& bNt—Ux?-lb (siYPro
TRk, R0 Chadl 1P, 8% 13, B SEhine o
Watds n 28 naddeds, PB2sg ofixtormi cis 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 'bf'.the welghing 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 minﬁtes, 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 1is 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 bottom
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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~acid (98-100% are netered in. After the reaction has

set in, the tenperature is kept between 80C and 90C.

The pressure is kept constant at 20 bar by neans of a
Vg unt of offgas of 77 1 is ured. The

o Ao 08T o Trei <715 min. A BETORESDOSY PRGSO

and deconpression of the autypclave, the product

m xture is analysed by GC. After a distillation and

tPebien®dval of two fractions at 50 nbar and a maxi num
bottom 30 tenperature of 80C, a further analysis is

effected by neans ¢f GC | Tabi e 8 SNhoWs the particular
analysis results ip GC area. 2008/]003559

[}

PCT/ EP2007/ 055540 31 Taple 8 0 rg oxX -1 gCCqm
00-H1HHP O forHfoO P4 u >tn4Ju.1NO'U
O0>1.1) N-Hoi) IHETr|{ HZ Reactér 2.8;3.669.4%
4.9 0.2 16.6 D.§ efffuen gg) ug 1rgo_ 27, 4369.3 | §
3.20.100 Di_gtilla%ez M.16.90.2 %102 &
Di stillation P97 5. 1.Dr@189§531>1bottcmrsln 3
the distillatpss 400.8 g pfSoctladi enes Sre optdAined,|
whi ch correspprgs to -8 yipl@ of| &. 7% ¥he purity of| &
5 the octadi epnes basey onj 1\ 7-octladi enegdis 983.%5% The ¥

S| & R 2
Reactor 2.8 | 5.6 [69.4 4.9 0.2 16.6 0.5
effluent ‘
Digtillate 1 0 27.4169.3 3.2 0.1 0 0
Distillate 2 0 2.9 [ %0.1 6.5 L2 0.1 0.2
Distillation 0 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 P4, l,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-

- pyrreolidone, 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 ($iYPro
.C710 from Degussa AG) is added. This.mixture ig 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 1is 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
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conversion of the formic acid is conplete. Exanple 10
(15 ppmof Pd, 1,3-butadiene stabilized with 100 ppm
of 4-hydroxy-2, 2,6, 6-tetramnet hyl pi peridine 10 N oxyl
base - but adi ene): Under protective gas, 0.028
o\gspgpﬁgéﬁﬂ%’g etate, )O. 26 g 019 " 'peT/EP%007/ 055540
1,3-bis(2,4,6-trinmethyl phenyi)im dazol i um _

o- cresoxi de-o-cresol and 0.13 g of sodi um net hoxi de

afermilt ssakvead i(982000g)of dreshhyraiadi | ied Namekbyl the

tolidone, and.the mxture is stirred at 50C. for
B G Berr Do 1S 0= RERaElREn IS, Fe5es R tyeen
480ydr ang- 21 2C 6wbthethanmet Hybfi per iidiceensloxyloliSigYend .

ussa i i EXtune, i k
?%%% %%gé&vgggaﬁgd ]%@f a% ocC %% %EO%OEE% e nd‘g?%g% 58 @
4801 Ye of An, R efe ¢hifgarabidfi Zéd) 1 arle cosriemsed. | fhe
donfnudde 28REBLoAS FRARUT 84 by MBaNS Qs Nearrer the

wei ghj ng of the pressurized gas bottle. Thereafter, a
pq%%%w ¥d 19eparPTesSShpri el BYenduhscérvar gbhcapgoduct

tiextueact Ak | Saheayeddt o BOC. GW.t hi Ar2dd nmanut ese-193ge

15
1

'
f o 008/ 003559 L EP2007/ 055540 - 32 .f i
e ETOth, Sre ROPSPOGTPRY ARCEF the TAEEEROnDRELOM

setmperatiee tehpefatur e ihrkérr betalken s 80C affle8i€d by
\Qﬁééhé h%f.a' gEQf @aﬂoi@t &r n@h?%gm%ﬁg ga%xlticu-ﬁljﬁr analysis
pressure is kept constant at 20 bar By neans of g"8
e srel tanimffumre¥s of fgas of 71 1 is measured. The
continued reaction tine is 10 mnutes. After the

[ ng, and deconpression of the autoclave, the
g'i%g?f'llf‘tt m xture is anal ysed by GC. After a one-stage
distillation at 100-50 nbar and a maxi nrum bottom 10

tenperature of 80C, Turther analysis 1s kBffected py
nmeans of GC. [Tabl e 9| shows |t he part/icul ar gnal ysis
results in GJ area% | Tabl e |9 150qg 8 0
0 S| T
M -H e
o o 9 = 5 5
= o = 0 9 o
g - - T £ 5
o
- I B :
5 3 3 >, & 8
M O e < D P
i - 1 i - 0] iS}
52} ~ WO = = H
- - i < 2 &
Reactor 1.8 | 77.0 2.6 0.3 18.2 0.1
effluent
Distillate 0 6.1 0.2 0
| Distillation 0 6.4 0.5 0.1 91.9 1.1
‘bottoms

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

formic acid is complete.

Example 11 (6 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):
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qu(Da)OO NHro~1071QUOtiiNUH1)
ri. f-000qi -HNa~ MhIO>r-i ri r-i Zw
Reactor 1.8 77.0 2.6 0.3 18.2 0.1 effluent Distillate

6 4 0.2 0 Distillation 0 6.4 0 9
%ﬁ 2%%%4%91%’ e distillate obtained i ché§P§°876f’55540
oct adi enes, which corresporgds to an isolated yield of
94.7% The purity based on 1,7-octadiene is 96.1%
Theieonyebsicon et thes, 2@ .foard ¢ asFd pbl GIMIet Qcetate,

L o I o rashis g, b 8 B BB TPy G o
Mmmsdmmcmnes&lbmmﬂi@nm g ViEX 268681 083668hoxide are

PHUEAAY 05554000 ¢ 3%t UnPEE-RIP! calLYR 988 R-RLLAy1-

di um acetate
pyacnﬂlsl@mare epAnetiiy | phaRpIs m%laﬁdliurmﬁd at 50°C for

O HASOHME- & es@b 1M §- 1G @ oéuﬁggw&g?hoél gg /g o
glrgvdl ssolved in 200 g of freshly disfille

I ARYIone, - %&dqwqﬁ%&hﬁl@%&e@ﬂlﬂ%d%@xﬁc ﬂ%%YPro

iU £ el m@@@smomﬂ e &@@edsubﬁﬁ@&mﬁwr@ 82 guéked

| P SIS By o ket i SZAr T o S kegen
i4r8t00 %m@vhc&abeuaélenaut ockaebiflierdBi ol endidimsd in
ﬂa% 48@0g of thed- bybadieng s(upstaki-biszef), apg fondspsed,
welghing of the pressurized gas bottle. Thereafter, a
pressure of 10 bar is applied by means of argon and the
reactor 1s heated to 80°C. Within 12 hours, 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 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

-cocling and decompression of the autoclave, the product

mixture -is analyvgsed 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 areak.
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at -5C. The anpbunt is measured by neans -of the
wei ghi ng of the pressurized gas bottle. Thereafter, a
pressure of 10 bar is applied by neans of argon and

t is heated to 80C. Wthin 12 hour 1
ovlfht?l%&f@rﬁﬁo‘-{:ﬁa%i d (98-100% are netereHcFZEPﬁgpgr’ggﬁgm
reaction has set in, the temaerature i s kept between
80C and 81C with the aid of an internal cooling coil

Thebr eldsure is kept constant at 20 bar by neans of a
valve. An amount of offgas of 71.4 1 is measured. The

20—conttAved—reactop—treSs—10-mhutes—AfHterthe
cool i ng and deconpressi on of the auytoclave, the
product mxture is analysed by GC| After p &ne-stage
distillation pt 100-H0 nbar| and a re§ mum pogt om i
tenperature of 80C, a further anal;s@? S eﬁﬁected Dy &
25 neans of QC. oTablp &0 shows the|particu] ao analysig
results in GJ afea% | WD 2008/H03559 PLCT/ EPR0Y7/ 0555408
34 Table 10 vV O fog Nt| K a ojsda >1 B4 U rd|cg
Rf UH4J 4J |-§ >1 49 U >1%@.I 0|0 4 -HN 4-1 f~
h o> b4 'rr| Z3w Repchor 1. 7%077.6|2%5 0.6/ 1F.6 0 | &
ef f uent | T 7 5 o g
™ ™~ 0 = = g
a4 S - + z i
Reactor 1.7 77.6 2.5 0.6 17.6 0
effluent
Distillate 0 96.1 | 3.1 0.7 0
Distillation 0 6.1 0.2 0.3 92.1 -
bottoms o

The distillate obtained is 395.6 g bf octadienes, which
corresponds to an isolated yield of 85.5%. This gives
rise to a catalyst productivity TON (octadienes) =
72248. The purity based on 1,7-octadiene is 96.1%. The
conversion of the formic acid is complete. It should be
emphasized that, even in the case of long reaction
times, no further isomerization of the 1,7-octadiene

occurs in this preparation process.

Examples 8 and 11 show clearly that, in the case of use.
of N-oxyl radicals as stabilizers for 1,3-butadiene,
for example 4—hydroxy—2,2,6,6—tetramethylpiperidine
N-oxyl, even small amounts of catalyst of < 50 ppm are
sufficient. In contrast, Example 3 uéing the 4-tert-
butylcatechel 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}:
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ate 0 96.1 3.1 0.7 0 0.1 Distillation 0 6.1

Distill
0.2 0.3 92.1 1.3 bottons The distillate obtained is
395.6 g of octadienes, which 5 corresponds to an

i.sol [ of 85.5% This gives rjse . to

gg\q a%%tfgatd/&pﬂﬁgd;%ct ivity TON (oct adi enes)P—T/%(i%?/%ﬁs’m
purity based on 1, 7-octadieng i.s 96. 1% The

conversion of the formc acid is conplete. It should

knmdeenpbasitéedltrhat gagyernjia he @?-fsepaﬂllaamgmr eactt Qbe,

0 t furt {

%) oct adl e(rE]e u%bgﬁl?%sl%%n?:]ézg %ﬁ%%ﬁ%}:ﬁ)%%mﬁ}&%%@amhum
Examsisestigleand cresshownd dardy ¢ hat ,sidiwheneddsexde are
lﬁ%so@%e@‘ O)S_¥1| fz%ﬁj | H@aSs ﬁ@&ﬁ)}zeéfstfﬂled N-methyl-

I ene, or exa

PYRF@dRpne, 2. @n@ ttéﬂter amichyr@ pet | dbhsrrAoxglt , 589€n for

3 MRlchy ra BRI 13 2f c%%tl@dystto of g o 5051%&@?1&1th 4 e . of
In c ntras using.the 4 - butyl cat'echol

i 2 Br o1 5L B ARG oA L CgReal YSe HhoUrRL Pro
aﬁlosmmmrmgmma A@) signaﬁdéant Iryllszaupmrx@r i edekked

le 1 bi |
E G 3p ot of  APTRRLy? 21 2.8 A bt A1 ST 5a drRg then
ﬁﬁéxgldﬁﬁiﬁ?%ﬁﬂﬂ.GlbUihbeéneFOpMEDEOG&hﬁrﬂﬁillzed) are
EQH:@BZQQF/ OGR4 Feer3d o L‘gﬁéés&&t BBt hvepdas i D4 feg

pal | adi um acet at €,
!Pys TR, AL 62EOPReERA pﬁ]éﬁylrﬁlamt@ézo'llﬁ uhpated to 80°C.

Riehesoxidderoneitesql 3w . 27 go@:ﬁu@Oﬁb%ﬂ nethaiods are
ar di.ssql ved 200 of freshl tilled N net hyI

%‘eg?F?E}I i dfne, Aﬁ#(?rt hé xt{l‘?%cF% ﬁ?%d SEL50@Tor the
ﬂ;emparaam:iet hen kegd éxéﬂvmeﬁﬁcsoﬁubs@ﬂuemtbbywlaml@ Qi:.d

&6165 tg I pe in %L X (Si YRro

é; rom gussa %@g& §eg Ehg u%é%las SUcK ecpt
Fﬁﬂ@taﬁte@écu?%ﬁ €RR byameseisavef f pomaBorshi Zmdambentl®@f
@@@EQSOfOﬂC reshhys disstibbed,isgpr i (HBﬁEJ@H{lE&Z%‘Q Aion
suc in. Thereafter, a pressure _of 14 bar I's ap a[

time 1s 20 minutes. After the cooling and decompre551on
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 11 ghows the

particular analysis results in GC area$%.
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by nmeans of argon and the reactor is heated to 80C

"Wthin 240 nminutes, 193 g of formic acid (98-100% are

metered in. After the reaction has set in, the 15

t empe e is kept between 80C and 81C W|th

0 a%gqaé#@?hsaﬁsg cooling coil. The pressEF"é’ngﬂ%(osss’*o
constant at 20 bar by neans3gf .a val ve. An anount of
offgas of 73.4 1 is neasured. The continued reaction

tTakle SL20 minutes. After the cooling and
deconpressi on 20 of the autoclave, the product mxture

s—anal yonrl by CC. fter ohe ef_a_g_e_d_l_s_t_l_l_l_a_t_i_g_n__a_ti
100-40 nbar and a maxinmum bottom genperature of 105C,
a further anajysis s~ef f gct®d by |mBans of H: Tabl e -
11 shows the |particplar anal¥sis negults i ngGC ar ep%s
25 WD 2008/ 003559 PCT/_ﬁPZOO?/.H5554() 36 Tab e 11 H Ng
MNNo4) OM 0 NNgO'(Q BO''0 b 00 Bt (O~4§
4 ~l U-~Ut U7y pSOHjo N OMOZS4 444 04 QE
of too oi ph~u EGF-HH fatH Q Q H;Z F1 Reacfof
11.1 40.1 30.9 g.l 12.7;:";1 1.1 refgjl uenE‘D}Lstil ate 0
51.9 40.1 5.0/ 181 1.0 ZDigst|i 1 ati on 032 1.5 1.3 ou. §
Y Log L5 S -+ =
2.2 0, ® O 4 0O Q4 O 0 i
0 g g w B w = H
n -~ H -~ H -H H I pa]
H A o~ A - o - = [z
Reactor 11.1 40.1 30.9 4.1 12.7 1.1
effluent
Distillate 0 51.9 40.1 5.0 1.1
Distillation 0 0.2 1.5 94.8 2.2
bottoms ' '

The distillate obtained i1is 510.8 g of isomeric
dimethyloctadienes, which corresponds to an isolated
vield of 83.2%.

Example 13 (57 ppm of Pd, isoprene and 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-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 (SiYPro
C710 from Degussa AG) is added. This mixture is sucked
into an evacuated 2 1 autoclave from Biichi and then
303 g of ffeshly distilled isoprene (unstabilized) are
sucked in. Thereafter, 240 g of 1,3-butadiene

(unstabilized) are condensed in at -5°C. Then, a

'pfessure-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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bottons The distillate obtained is 510.8 g of isoneric
5 di net hyl oct adi enes, which corresponds to an isol ated
yi el d of 83.2% Exanple 13 (57 ppm of Pd i soprene and
3-but adi ene stabilized with 100 ppmo
ﬁ%y?o‘?%%( 10335% 6-tetra- 10 net hyl pi peF’Fa'l/FFEZRIDMQﬁSMO
based on 1, 3-butadi ene): Under protective gas, 0.112 g
of palladium acetate, 0.521 g of
1fc3rrbi§(2%él<§ tr('BH'eleMb'ghgﬁ\f?)”ﬂf@ﬁdd UMn, hAft%r the
0- Cr esoxi 0-cresol_an of sodi um net hoxi de
HP B ofi08d TH 268" g OF T EURPYR SR | PRed R mePRyeen
130 9y rarod | #ibhe, whtrid t]ine aidtofeahsiaterned abodfgf ebil.

?]ﬁbog‘r’g oxygi}% 2 693%[& r ane %t p| S%?? ﬁﬁgm | an%zélgﬁ?%

mJOfefroMDégﬂgggé AG) @%fsmﬁjedf TRi-@ i xltmrreeaisuzs&@kemhe

_ Icrgrpcf}meﬂa/acy@é@@l@nl ayt.acl aye f:i(PrH{ andy 20p¢

3 g of freshly distil]ed isoprene (unst abi | i zed are
9 PR EAmRESSs DA Qf o‘th aupaeh@venethe product

(anshadd | | fzetﬂ %ﬁ@w@é@en?@ddl gcat ﬁf@:er{he% aonedstage
r.e .a ar appl ied by ans of argon an

HFE RS | & heat 018 55 n %0 TERHTEL, Restom

elr[péﬁ@tZﬁ&B/c(ﬂJSHﬂ?B’@CTd E%ﬁﬂﬂ?é:ﬂmnys:s 3¥s éﬂf@a:f:ed by

98-1 tere r _th action

setaqlé §Fhe [ %ég%. rjgjlg OQrStA% eaﬁ:%lgélg da%ig Sis

e litise 1a @C‘ofarmq nt er nal cooI ing 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. The

continued reaction tine is 20 m nutes. After the

cool i ng and deconpressi on of the autoclave, the

product mxture is analysed by GC. After a one-stage

distillation at 100-40 nbar and a nmaxi mum bottom 10

tenperature of 105C, a further analysis is effected by

means of GC. Table 12 shows the particul ar. analysis

results in GC area.
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WO 2008/ 003559 PCT/ EP2007/ 055540 38 Table 12 ¢ U
roa OMoNrdro ro0OO0M.r{ COS4 04 rd 4 -~4
Fi U>2 0 0a SUO04UO0 rA1-1ro0 4J 4-) O N a)

Reactor 5.5 21.4 22.4_31.0_15 4.2

3%? %%%P‘tﬁa%%é\ll ate 0.1 26.5 27.6 39. 4P6TéEB28°7/°5554°
Distillation 0 0 0 O 97.6 2.% bottom5 The distillate
obtained is a m xture of isonmeric C8-Cl10 diol efins.
These are mai nl y oct adi ene, nethyl octadi ene and
?éﬁi ctadi ene. 441.9 g are obtai ned as _

T4 e, which corresponds to an isolated yield of
88. 4% of hydrodi nerizati on products. 10 Exanple 14

(not inventive; .30 ppmof Rd, 1,3-butadi enp

stabilized w[hglO0 ppm of |4-hydroxy-2,2, 6| 6-tetra-

nmet hyl pi perid n& N- oxyl basled on 1, 3-butadjepe): Under

protective gap,Q0: 056 g of palladiunhgcetateg 15 m

0.521 g of 1, B- gls(z 4,6-trji mgthylphehyl)lntgazollunwg

0- cr esoxi de- of cgesol and O. 27gg of sodlun1neghoxide 3

are ™ - @ q &
- T ) H =
™ : @ [0} > O
~ 0] 2 O o} 0
o] o @] — —
c o 0 >y Dy &
o - ™~ o = o
M T ™y i i o
o o] -8 Q O D
0 T L E = g
0 3} v -r] | 5
Eat O = A = L

Reactor 5.5 21.4 22.4 31.0 15.5 4.2

effluent

Distillate 0.1 26.5 27.6 39.4 0.8 6

Distillation 0 0 0 0 97.6 2

bottom

The distillate obtained is a mixture of isomeric C8-Cl0
diolefins. These are mainly octadiene, methyloctadiene
and dimethyloctadiene. 441.9 g are obtained as
distillate, which corresponds to an isolated yield of

88.4% of hydrodimerization products.

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

Under protective gas, 0.056 g of palladium acetate,
0.521 g cf 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. Subseqﬁently, 0.32 g of
4d-hydroxy-2,2,6,6-tetramethylpiperidine N-oxyl (SiYPro
C710 from Degussa AG) is added. This mixture is sucked

into an evacuated 2.1 autoclave from Biichi and then

480 ¢ of freshly distilled. 1,3-butadiene (unstabilized)
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di ssolved in 200 g of freshly distilled N nethyl-

. pyrrolidone, and the mxture is stirred at 50C for 1

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

20 4-h dro§¥ 2,6,6-tetramet hyl pi peridi he N-o %
(@?\%ﬁ% @93%°9 r om Degussa AG) is adde3CTfﬁP§091%P§§§4°
i s sucked into an evacuated.1 autoclave from Biichi
and then 480 g of freshly distilled 1, 3-butadiene

(sa0s abikictiedii V31 2008/ 093550 HET £RZQ07/ 085540acurd® oy
are cond din at :g nmount i s neasured b%
S P R el GAPHE ST Thet roSBraed 2 $ot ¢ pattle.
'H%ﬂxﬁﬁfmﬁr,22@2ggobffmbﬂmldﬂndhd989&09@093r3raEhet@ded

a_p n ressure of
app F%d b?gﬁgé %Bi%&g g%%y% hl Ehé TEECTor ?é ﬁ@a?%ﬁ is
tarp 75 dpyl meaneedif eropohand. tkT¢1erm<eis<snresu bekept to
opnst aRh At sgPrPak bﬁ/ofm@z”%cﬁ A V@h %ﬁélﬁ@etmss kept

time, no offgas evolution is ob serve e conti nued

RORIGBI t Rive 48 B nPHURRANAS Pér & hEadu6! i igpmimp 16his

deigeapr ﬁ&SldHngs t Beoautaehaves bheeptaductrid Xbahelhﬁed
anal sed b octadi ene js detecgted in_the

No 1
FeHt £ o1 Sue SBera69880 EPIOT/ 6553409 -
ﬁ@CdﬂﬁraEﬁlaﬂ“oﬂ\phecaﬂ$odev@remMérprddﬁ&ﬁimﬂkeﬂr@rls

ui.ed 7-giolgfin odi_meri on
yc| 6% F? G:I(%}avgng gt+lé%§%d %gécéﬁﬁué% e%Q%E Bfl the
kﬁﬂﬂﬁ?hqthquMﬂﬁsence of a reducing agent and of a
catal yst, characterized in that the catal yst used is a
net al - car bene conpl ex which has 10 a netal of group 8
to 10 of the Periodic Table and at |east one carbene
ligand of the structure 1, 2, 3 or 4 R1L_'NNR2
Rt _~N\/NR2 RgRq / \ :
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R5 Rg (1) R3 R4 (2) RI\N\5 RL ~NN - 2 R3 R4 R3 R6
(3) R3 (4) where: 15 Rl, R2 = (CH2)n-B B = nono- or
pol ycyclic aryl group having 6 to 14 carbon atons or -

yclic heterocycle havin

%&%Oﬁa/n%d% ééroatorrs where this het gpgégggééﬁgggggﬂo
to 3 20 heteroatons sel ectedidrromthe group of N, O

and S, n =0-4 R3, R4, R5 and R6 = hydrogen, alkyl,
heteroaryl, aryl, -CN, -CGHpns: COO al kyl, -COO aryl,
-OCO- al kyl, OCO-aryl, -0COO al kyl, OCOOaryI - CHO,

25 COaIkyI COaryI - - NH2, -NH(aIkyI) -N(aIkyI)2
D 2008/ 008859ePET/ EFX007/ 0B55#6Ting41 SNI-H(%TJymted or
dﬂéﬂﬁ@ﬂf%utéé fj7 dfgleflns &, -LF3r ElﬁgngLng non-

ere the a?

-ferrocenX H2, wh gr oups
MRl i t 8 ?él@ﬁr Wlﬁ%n@tarﬂﬁﬁ%% %Y ch?mg?stesitéomh?le
G ahonshe apdekbacsubst i hueﬁééuélﬂﬁf; henk3 and RE a

type may al so be part of a bridging aliphatic or
é%ﬁi‘?&ty%t’rl ng, and the substituents of the RL and R2

toteercartetieecsan®e thart di fferent and are substituted or
sub 0_t bs ts

%’ %%@euggg %kevml?n%é:sat é:tasf:tali%gl%or ?L?Ifgelr?e"ﬁ iCz:ﬂ}lrifdhas

@ren%ttfb]st¢>fugéﬁupr8 thesubst pEutbe. PRriadicodiedsle and at

ACe i 1@ WMl ganth ShAACIRIIZRGAN N3 8 or 4

met al - car bene conpl ex which has a nmetal selected from

ni ckel, rhodium palladiumand/or platinumis used. 3.

A process accor ding to claim2, 20 characterized in

t hat -

. R3HR4 > f
- Rs Re ® RS Re @
R
1“\‘N//\\S RraaN N//Rz
R%RE‘ b=——N
R Re 3) @
where:
" Ri, Ra = - (CHz)n-B
- B = mono- or polycyeclic aryl

group having 6 to 14 carbon atoms o©or mono- or
polycyelic heterocycle having 5 to 14 carbon atoms
and hetercatoms, where this heterocycle has 1 to 3

heteroatoms selected from the group of N, 0 and S,

n = 0-4

Ri, Rs, Rs and Rg = hydrogen, alkyl, hetercaryl,
aryl, -CN, -COOH, -COO-alkyl, -COO-aryl, -0OCO-
alkyl, 0CO-aryl, -OCOO-alkyl, O0COO-aryl, -CHO,

~CO-alkyl, -CO-aryl, -NH;, -NH(alkyl), -N(alkyl),,
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a netal - car bene coh‘pl ex whi ch has pall adium as the
metal is used. 4. A process according to at |east one
of clainse 1 to 25 3, characterized in that a

- be onpl ex which has at | eas ne r ben
ﬁ‘fég%oooca?éq ected fromthe structures 1 F%TZE%@EP%??%O
R6 = hydrogen is used. 30.5.41A-process according to
claim4, characterized in that a netal -carbene
conpl ew whivah) ,hasnasryepst opne canbensr | igand-ofi, t her,,
struct 2 ere R3 d R4 _.are each.. 35 drogen is
used. —gkfo%A p%%%%%c%n%ag’r di_ﬁg?%b 6%%3%’5,Wﬁgre e ' Skl
char actmriedhiaret hht 00 2008/8003559 aPCTREER20D 7 /08554 0y1
- 42 Sl casbene comphex, uhioh has ahol
car benggqu%lt gand of thg struct uer’éﬁéﬁs% ere% gﬁ%gﬁgeg?gts
each Hyditd§enRan@™Rl Bad HRe wieve Alsoo bandagtaref a
each ariphemyd riphail tgd mRiddhkeMingroup is used.
5 7. A process according to at |east one of clains 1
to 6, characterized in that the concentration of the
eaich|aist | suteporteshid &f fonaaR, 403 SRNSEPd 4N fIasSSime
f t ased he qveral.l  na of the reactio
S et a8, BPE BSERIedRE o it Sl FH L, ama
tthe508upphi t8enAsprotesheacdor difag tBs atnbeaBs otmpeofare
qligigm <L tfﬂ’l? 1$a1z'e oharact £L LAat Rat tsnﬁastitélted or
non-cyclic olefins having at lTeast two conjugate
HosHice tiéNd$Used are conpounds sel ected from

2. A process according to claim 1,
characterized in that 7
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 palliadium as the

metal ig 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 Ry to

Rs = 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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1, 3-but adi ene, isoprene, 1, 3-pentadiene, chloroprene,
20 or correspondi ng m xtures which conprise non-cyclic
olefins with at | east two conjugated doubl e bonds. 9.

A, broces ding to at |east one of gl 1.tg 8
ngc %u:é? ed in that non-cyclic oIEFF2§g§BPZﬁ85554°

ei ther have no stabilizer _ors2 have a stabilizer
sel ected from al kyl ated phenols or stable N oxyl
readheed 5- erbersedeoBdpl 0. whAiphotess aacc:ow&mgoﬁ@ ehabbhe

 %JéE§E9r8%ter|%ed &ncﬁgﬁg tEFe%?abllF?ers ?a%%% cach

radical I'Zers oma
phehuigerorasd aBl eaddoRyl whedecal ss 35 &td B Gﬂﬁﬁ@@&ch a

%%ﬁ%%gDSSSEPé%#?EPfég??nggﬁ%ﬁh?Eﬁgﬁ&N[g&y radlcals

sel ected from 4-substituted or unsubstituted

2; 2, 6,26 JRIJAPBARINEd e DXYES. one of claims 1 to
4- hydr oxy- 2, 2, 6, 6-t et ramet hyl pi peri di ne N-oxyl or

,'2, 6, 6- tetranethylp[perldlne N-oxyl are used as 5
sﬂiﬂﬂddﬂeﬁmiedlan.Ah@mocess according to claims8,
racterized |n th 3- iene i s used,as t
TR Rty Sh o e S RIS i 18 Bprmal
IS@@Sile ame wxfm c[Iaassrss lofometa] ﬁa&«e@ctmlm ovetdbl mass
(of S fo C t 1
o d / asiéﬁ an@%% 4@%&@}@ L ng Egi»pg % 1Phe

dr ogen. Focess accor i m13,
élﬁéﬁ&@ﬂéﬁemzéétul@m H&t 1 Ko 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 process according 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 ¢,

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,

characterized in that
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formc acid is used as the reducing agent. 20 15. A

process according to claim 14, characterized in that
the formic acid is netered in in the course of the
16. A process according to_ a

g‘f%ag%o%o%gs(? 15, characterized in tﬂth/Flﬁgggl”gggs’m

hydr odi neri zation is perforggd-in the presence of 30
bases. 17. A process according to claim1l6,
charact er irzed dall <t hatsedlekaled nettabmhydaoxiudesitatkal i ox

tetal, Ak des g7 5 35 6LeLLary ATines ane; used gs .y
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
1z,

characterized in that

the reducing agents used are formic acid, formates

and/or hydrogen.

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

formic acid is used as the reducing agent.

15. A process according to claim 14,
characterized in that
the formic acid is metered in in the course of the

reaction.

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

characterized in that

the hydrodimerization is performed in the presence of

bases.

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

tertiary amines are used as bases.



