25-Jan-07 -1 Novel nickel-, palladium and platinumcarbene conplexes,
their preparation and use in catalytic reactions 5 The present invention
relates to novel nickel-, palladium and platinum carbene conpl exes, %a@ntoy
their preparation and use in catalytic reactions. 10 More than BOo of the
industrially produced chenmicals are prepared by catalytic processes.
Catal ytic processes are generally nore econom cally viable and
environnmental ly friendly than corresponding stoichiometric organic
reacti ons. The hoNogeheonuské3-capaljsds urseend mpladdirurorcdrbas: ds and
bases, are in p ' qgggg e noble netals. Nickel . palladium
and platinun1coﬁﬁ%g£§¥€§%o |H§‘§§§&%§£Ph%ﬁng%§e%ﬁé %§t5?§§§¥t?ﬁ NuUer ous
i ndustrial processes and in organi cregmthesss on the | aboratory scale. An
20 inportant exanple is the utilization of aryl-X conpounds (X = hal ogen,
Oorf, N2 ,”0OMs5,” C(OC etc.). Especially bronmo- and chl oroaromatics are
versatile i Ather mdieatest of inNenchiom cateladest ryo f onoeganplne cael-,
precursors f t : parat i f i i r Lates, :
Phar Moot | AL e A D T e T L o Ol ko Y um
catal ysts ar @rePadghémn prehplssydd Gattal igtis frgadthieo®sinct i onal i zation  of
hal oaromatics or vinyl halides to aromatic olefins and dienes respectively
(Heck reaction, Stille 30 reaction), biaryls (Suzuki reaction, Stille
reactiontV klieg@a Fearti®dF Negildhi rFBdEEFEARL LAl KFRIUCTSorEGHIFa S
reaction), camoxybirepagied debiyvat icwes 1yiheck eablkeryeat.i onkataniias
(Buchwal d- Har t wi reaction. 35 . .

processes are generally more economically viable and

A environmentally friendly than corresponding
o’

stoichiometric organic reactions. The homogeneous

15 catalysts used, in addition to acids and béses, are 1in
particular complexes of the noble metals. Nickel,
.palladium and platinum complexes also find wuse as
homogeneous catalysts in numerous industrial processes

and 1in organic synthesis on the laboratory scale. An

20 important example is the utilization of aryl-X
compounds (X = halogen, OTZ, N,", OMs, C{0O)Cl etc.).
Especially bromo- and chloroaromatics @ are versatile
intermediates of the chemical industry, for example as
precursors for the preparation of agrochemical

25 intermediates, pharmaceuticals, dyes, materials, etc.
(:) In addition, nickel and palladium catalysts are
frequently employed catalysts for the functionalization

of haloaromatics or vinyl halides to aromatic olefins

and dienes respectively (Heck reaction, Stille

30 reaction), biaryls (Suzuki reaction, Stille reaction,

Kumada reaction, Negishi reaction), alkynes
(Sonogashira reaction), carboxylic acid derivatives
(Heck carbonylation), amines (Buchwald-Hartwig
reaction.

35
The catalyst systems described for olefinations,
alkynylations, carbonylations, arylations, aminations
and similar reactions of aryl-X compounds frequently

have satisfactory catalytic turnover numbers (TON) only



The catal yst systens described for ol efinations, alkynylations,

carbonyl ations, arylations, amnations and simlar reactions of aryl-
conpounds frequently have satisfactory catalytic turnover nunbers (TON)
only 25-Jan-07 2 wth uneconomc starting materials such as iodoar @%alanhady
and activated bromparonatics. In contrast, in the case of deactivated
bronmparomatics and especially in the case of chloroaromatics, generally 5

| ar ge anmount s, ;qf, cat %'%%%n@%‘iec to Q@a@qqﬁ@ in r%g%f %]?s attgidyindustrially
useful yields (> 90%. Onmng to the Fexi t the’reaction mix ures,

si npl e cat al ylgdoarréli%&:qll% |saadd| tldﬂfall‘llé}tembt possibhepmagblichat evien t he
recycling of dfig.caldl ysi ©ReIsesshi gh agét:%l‘é’gkga %Qo%%r%%%&%' otk

obstacle to industrial i npl enentation. 1n addition, gartlcu ar | ylnthe
case of the SRSSHArHtlion1df BREI Ve@ThgPddi ehtererr @B T VeS| ngrenhiantly

precursors, 'ltar'qu URESSH £ £do t 0 cWREH Wit mlaJv%rg;% DU Sed Of nCatalkystyo si nce
there is the ri in this case that 15 cataly residues remain in_the
product . Rel &G 1N Eht Al Vé?f‘é*}fsi’éﬁ%dér é>ba8&d - oR¥ePel S1%alTddat ed
phosphi nes (Wo%pl'éeilrtfmnb,f G:thr aRmeitidh Riekaref, - PBsimfes sidigen,y sk
Prierneier, M Beller l@:@ﬁ her, %ﬂﬁ Chem 1995, 107, 1989; Angew
Chem Int. dfecéfrfrbllmgzolTQ Byl o Y 5PtmiReTTERIGf Ser FRAFI ¢ @hmndi ng

aryl phosphi ne:She( Jré’cy&\l)hﬁ@ 0$. lthdBuehwall dst AngemesCieigh ¢899s 1vhli.cr2570;

A . 999, 38 413 t tert-but hi
AR L TEBR A8 ol T g 20015 088 Thefbskhan! AmbuateRR It "
25 Engl . 1998‘,n 37ad8381prwi t hppatliadilemligal tisnor tha | adaem Gf cormdeexes
However , ne>ijor SI AcS CJH o par, %@LV CSs; .G ltenags é’.\?hggt grl ?s r%ﬁb |n an

i ndust ri ally Sati st ac ory manner means” of e “above-
ti ons ev@maﬂyngp$ﬂmhlt is undesired to work with large amounts

of catalyst, since there 1is the risk in this case that

15 catalyst residues remain in  the product. Relatively
recent catalyst systemsk are based on cyclopalladated
phosphines (W.A. Herrmann, C. BroBmer, K. Ofele, C.-P.
Reisinger, T. Priermeier, M. Beller, H. Fischer, Angew.
Chem. 1995, 107, 1989; Angew. Chem. Int. Ed. Engl.

20 1995, 34, 1844) or mixtures of sterically demanding
arylphosphines (J.P. Wolfe, S.L. Buchwald, Angew. Chemn.
1999, 111, 2570; Angew. Chem. Int. Ed. Engl. 1999, 38,
2413) or tri-tert-butylphosphine (A.F. Littke, G.C. Fu,
Angew. Chem. 1998, 110 3586; Angew. Chem. Int. Ed.

25 Engl. 1998, 37, 3387) with palladium salts or palladium

(:; complexes.

However, 1inexpensive chloroaromatics cannot always be
derivatized in an industrially satisfactory manner by
30 means of the above-described reactions even using such
catalysts; The catalyst productivities (expressed as
TON) for the reactions mentioned are typically below
10,000, and the turnover frequencies (TOF) Dbelow
1,000 h™*. Thus, for the achievement of high yields,
35 comparatively high amounts of the expensive catalysts
have to be used. In spite of all further developments
of the catalysts in recent years, only few industrial
implementations of the arylation, carbonylation,

olefination, etc., of chloroaromatics have become known



catal ysts. The catal yst productivities (expressed as TON) for the reactions
mentioned are typically below 10,000, and the turnover frequencies (TOF)
below 1,000 h-1. Thus, for the achi evenent of high yields, 35 conparasiymgloy
hi gh amounts of the expensive catal ysts .have to be used. In spite of all
further devel oprrents of the catalysts in recent years, only few industrial

i npl enment atl +d he arylation, carbonylation, olefination, etc., of

chl oroaronatl cs ave become known 25-Jan-07 3 to date. An i nport ant
exanpl e of the iyestiimt esempleplodt ithem ivdtatysad usehydr gsldtylmtmon, for
exanple in the aqrfesqasratign ot 49633105 S or t sl i;nki f 5
silicone rubber I'n such reacpl ons tgi tﬁ%% f uct?%ft{ﬁéj}?%nd t ent?[e%ctl vity
of the catal menasra(ﬁlorbo@ufseraae@ﬁsnléereébl%r fmtbhef@rromséunrkdwg ré &l _
enpl oyabi ki ty; 1LQcHe actiye. pal | agium catal ysts phisehsare nlynused in
the context of the activation and further wutilization of aryl-X conpounds
are pal | adi ur®AuEonipl ek ednNdTHéESs| ¥R b F8 ofnithe ¢akahvékells catal ysts.
Platinum cat aly(stse Which & iugaddr theclg hydrpsilykati ohd@iSerial

pl ati num(1V), pI atinun(l1) and platinun(0) conplexes, of which especially
the plati nur?("@) 16t - have high activity and have found wi despr ead
use. 20 It is an obj ect of the present invention to provide novel nickel,

pal | adi um.and_pl ati hum co es which _ can be used directl s cat aI ysts
even in rdactitns? BlVT—hBrTRhaééPFH 2 EdAES Ahgh tathé:IOImI%)t cti5e  t he
inventive conpl exe&eshoucbdtektor b act itke andcpﬁodu(ibhve Zhdcatdlysthie syst ens
whi ch are sta‘-ﬁil. Over. a very W de t}errperaturedasnd Qressurellraa&qﬁa The

conpl exes shd ization compoun
<:> complexes. The situation is similar for nickel
catalysts. Platinum catalysts which are used for the
15 hydrosilylation are platinum(IV), platinum(II) and
platinum(0) complexes, of which especially the

platinum(0) complexes have high activity and have found

widespread use.

20 It 1s an object of the present invention to provide
novel nickel, palladium and platinum complexes which
can be used directly as catalysts even in reactions on
the industrial scale. Owing to their structure, the
inventive complexes should afford active and productive

25 catalyst systems which are stable over a very wide

L) temperature and pressure range. The complexes should
also be ©preparable with an acceptable 1level of
complexity and expense from available starting
compounds, and present no problems in their handling

30 which might be an obstacle to their use in industrial

processes.

According to the invention, this object 1is achieved by
novel nickel, palladium and platinum complexes of the
35 formula (I)

where



al so be preparable with an acceptable I evel of conplexity and expense from

avai l abl e starting conpounds, and present no problens in their handling 30

whi ch mght be an obstacle to their use in industrial processes. Accg 5997
to the invention, this object is achieved by novel nickel, palladlun1an

pl ati num conpl exes of the 35 formula (I [1 ML2 (1) where 25-Jan-07 4 M
is a nickel, aIIadlun1or | at.i-num at o is a ligand having at | east one

el ectron- def|C|ent 0I§F%1 3ﬁﬁﬁ#n éﬁ%F’ 1BPWsagIﬁDnodentate car bene

| i gand of thé'f dsma al@lgla)ld &uorlr(cj | by 2eabt &K BINcRroN-He¥FicienR3 R4 r

RO R3 R F (hide;(hld %od%l ch(}o Qpe R1 and R2 radical s are each

|ndependently an alk I c§1 |n5}ud|ng a cycl oal kyl radical, an aryl
radi cal or heteSanymomqwh@Bateeaehbehewﬁu@hn@nyﬁbpﬂh@nabtmube (II)
substituted, . ¢,the R3 to R6 radicals are each independently selected
froma hydrogen or nal ogen atom -NO2, -CN, COOH, -CHO -SC3H,
-S2- (C1-c8)al kyl, -SO (C1-08)al kyl, -NH(CLl-C8)alkyl, -N( (Cl-CB) alkyl)?2,
-NFKI}(CH-CA)aIkyI, -CF3, -COO- (A -C8)alkyl, -CONH,, -CO (CA-Ca) alkyl,
2 2
R~ 6 R°
4 5 RO
R ﬁ R N
) i
3 N 4 N
R k! R g2 R}
(1) (1)
in which

10 the R' and R? radicals are each independently an alkyl
radical including a cycloalkyl radical, an aryl radical
or heteroaryl radical, each of which may optionally be
substituted,

15 and the R’ to R® radicals are each independently

selected from a hydrogen or halogen atom, -NO,, -CN,

-COOH, -CHO, -SO3H, -50,-(C;-Cg)alkyl, -SO-(C;-Cg)alkyl,

() ~NH-(C;-Cg)alkyl, -N((Ci-Cg)alkyl),, =-NHCO-(Ci-C4)alkyl,
~CF3, -~CO0- (C1~Cg)alkyl, ~CONHS,, ~CO-(C;-Cg) alkyl,

20  -NHCOH, -NH-COO-(C;-C4)alkyl, -CO-phenyl, -COO-phenyl,
-CH=CH-CO;- (C;-Cg)alkyl, —CH=CHCO,H, ~-PO (phenyl) .,

-PO((C1-Cg)alkyl),, an optionally substituted alkyl
‘radical, an optionally substituted aryl radical, or an
optionally substituted heteroaryl radical, or at least
25 two of the R’ to R® radicals together with the carbon

atoms to which they are bonded form a ring.

Unless specifically stated otherwise, an alkyl radical
in the context of the present invention has preferably
30 1 to 18, more preferably 1 to 12 and most preferably 1

to 8, carbon atoms, for example a methyl, ethyl, 1iso-



20 -- NHCOH, NH COO- (C1-4) al kyl, -CO phenyl, -COO phenyl,

CH=CH 002- (C1-C8) al kyl, -CH=CHCO2H, -PQ phenyl )2, PQ((Cl-C8)alkyl) 2, an
optionally substituted alkyl radical, an optionally substituted aryl 25-Jan-07
radical, or an optionally substitut ed het eroaryl radical, or at |east 25
two of the R3 to R6 radicals together Vi th The carbon atoms to which t hey
are bonded forma in Unl ess speci ﬁﬁ/(ia” stated ot herw se, an al kyl

radical in tRECRBAt ext RN pPaby o has prefedabtyIreert to 18,
nore preferabky 1mbg 1Reand ifRsir prceLf ernsidyced 0 8orcarben aborr&,ycflqrc

exa Iearreth t i SO0 25-Jan- ro n-buty
t)(;r'[rpbutyl or 1¥I5§§Eu5¥0u&n R?r%?/ub%rlﬁné:é}rjc gb?%ﬁ%‘ﬁ%ﬂggohaf’éplr% &yclic
struct urfe i ncpart m@lf&rrafa)lgwclosecﬁ,rucftglﬂ eelstalvhlpll@ _C&-l €48.1 opreafyar ala)lré kvl
C5- Clo, ex e _a,cyc ex r an r cal . substituted a

r adi cal bg’{ars ggﬁ%ngylnﬁ@e Subst i ?heﬁ%lgsﬁh”?@iggr eaaﬁ‘l?%ferra?gﬁf clﬁears d
i ndependent | yosel ect edudrom sk (Gl ) ad kyhicO G preﬂ-Z&)ranbliw ea@phenyl ,
- ph |, hal - - . ,

" S02- {Cl- ?IB) Zﬁﬁgggeﬁé%ﬁm%l@ﬁ%?k N(I—E!g E&lNﬁC?%Lk yal |9y|CO (C1-

- IN( ( ?élCB)Cgl) k.Slh))c‘)Ekyl NHGQPh(EGSZlCS)-@INeyﬂgSl l(é!;Bhaldim( @leﬁBl) alOgly| | —NGBENHzl,

- C0- a - n enyl ,

- CH=CH C02- (C1- &) al%ﬂ%ﬂ c?@@lacofb% )(S% e#flf )C2‘3 d‘gﬂp % Ef%ﬂnge? I kyl 3/2.
15 A subst@ t ueédval kyINleadrbléll— ﬁmyC@rEelf]@rlablyN béar- pratlchtylS 2nor-&HEOef er abl y
1, 2, 3, 4 or g, ¢§earlt]4yclal QCF, dlfi@é@ﬂ Cls—ltl%§ta'lﬁ<5}%”t5-c8f3ﬂ Unl ess, ﬁ%

speC|f|caIIy state ot Her'wi se, “an arg@cra i cal he cont'ext of

present invenEsbnl kel pref¥iadily 6-VECI2- (ForGs) @rlé?Yelrlabl y~60rehe@vdnd nost
pr eI erably 6, -cearpaBngions, fotpexamelos-acphenyiknapht hyl-l-andyy
N -PO (phenyl), and -PO((Ci-Cg)alkyl),
15
A substituted alkyl radical may preferably bear up to
8, more preferably 1, 2, 3, 4 or 5, identical or

different substituents.

20 Unless specifically stated otherwise, an aryl radical
| in the context of the present invention has preferably
6 to 14, more preferably 6 to 10 and most preferably 6,
carbon atoms, for example a phenyl, naphthyl or anthryl
group. A substituted aryl radical bears one or more
25 substituents which may preferably each independently be
selected from -(C;-Cg)alkyl, -0-(C;-Cg)alkyl, -0CO-(Ci-
Cg)alkyl, -O-phenyl, -phenyl, -(Cs-Cigq)aryl, a halogen
atom, -OH, -NO, -Si((C;-Cg)alkyl)s, -CF3;, -CN, -COOH,
-CHO, -S0sH, -NH;, -NH-(C;-Cg)alkyl, -N-((Ci-Cg)alkyl),,

TN,

o

S

30 -P((Ci-Cg)alkyl),, -—S03-(C;—-C4)alkyl, -80,-(C1-C¢) alkyl,
-S0-(C1-C¢)alkyl, -CF3, -NHCO-(C;-C4)alkyl, -COO-(C1-Cg)-
alkyl, -CONH,, -CO-(Cy-Cg)alkyl, -NHCOH, -NHCOO-(C;-
C4)alkyl,‘ -CO-phenyl, -COO-phenyl, —COO—(Cs—Cm)aryl,
-CO-(Ce~Cip)aryl, -CH=CH-CO;- (C1-Cg) alkyl, -CH=CHCO;H,

35 -P(phenyl),, —P((Cy1-Cg)alkyl),, -PO (phenyl) 7, -PO((C1-

C4)alkyl)2, —PO3H2 and —PO(O—(Cl—Ca)alkyl)z.

An aryl radical may bear preferably up to 8, more

preferably 1, 2, 3, 4 or 5, identical or different



group. A substituted aryl radical bears one or nore 25 substituents which
may preferably each i ndependently be selected from - (Cl-C8)alkyl

0-(CG -cCB)al kyl, 000 (G cCB)al kyl, -0-phenyl, -phenyl, -(C6-014)aryl, #-Jan-07
hal ogen atom -OH, -NO2, N—Si((Cl CB) al I)3 - CF3, -CN, - COOH, CHO
-S@BH, -NH2, -NH(Cl-CB)al kyl, -N((C1- al kyl )2, 30 -P((C1-CB)al kyl) 2,
-503-(C1- 04) al k% tSO Cl-Co6) al kyl, -SO (C1-06)al kyl, -CF3,

- NHCO- ( C1- C4)a T‘ (C1-CB)- al kyI, - CONH21 -CO(Cl-O8)aI Kyl , - NHCOH,
- NHOO0O- (C1- ¢4) aI kyI - CO phenyl, -C00-phenyl, -COO (C6-010) aryl,

- C0- (C6- C10 CHe c5 H, 35 -P(ph I
-P((gll CB)aI)itg/I?{Jj is E%‘- eny%%ry %%F%%f S%H:el %(% aZOSW—étp o ?’f
-PQ( O (C1- CG)Jadidiyd:f)l,’Q An &hyl cadieak nay beder prrefsembl ynupntmoﬁ iwre
preferabl gff%raél r 5165Q§nt|§f4 05rd%&@%ﬁeﬁgmgér%ﬁe€9}5%r %&ch

substltuents ess peC| ical'ly stated otherw se r'adi cal
in the contexinofddhéipredentcipiv@nt | BAS| &N p?l’efI@@a@} y farf |e\)@-mplsa X2 or

seven- nenber ed, . riNg MbEEhoatbRsadditdiPnate carbon, kh]lqgct eg grceavr@roxaor

exanple 2 or 3, heteroatons which are preferabl rom nitrogen,
oxygen and/ ornsGFRHER . atasserY opne4akplBIPh Y r EPIEl nyior | ArAERSE di nyl |

pyrazolidinyl gy plpetadyyi, 1@m&@¥a"z%'ﬂ@'iﬁfy‘lry'pyﬂa%Ul@.@iq{ﬁpyrpdp@flchPeraZ' nyl
group. A subs¥| tuted heteroaryl radi ca have one or nmore substituents

whi ch ar &% achet haBYeRAEREY - s&sddrdy dfrroé%iﬁr(yél TB) BRI 2 210YlCII TRy R Kyl |

1(5300’\&31 Cg)?Ak}ébbstQtu}QIé@nM{eteﬁhﬂ‘Wi , ra€6aCl4)pgr Yava bakogen md e “OH,
- - Si

" NH- (C1- C8) al %-9%&@%%' géFRyF)fﬁ eaﬁ%‘(éf e@%%%])yz Se%ﬁaticglf&%l kyl ,

-502-( C1- C6) at k§{~Cq) SOKCTL- CO- @l.kgk)allFB, - NBICO- (CClcd4)llatkyl ,-0€00-
(Cl cB) al kylphengp\le—Lphquff Cl- O@Sa'ck}’ alrleHCg_| ha'iI 8@9(%0%) al&)f!
15 -NO, -Si((C;-Cg)alkyl);, -CF3;, -CN, -COOH, -~CHO, -SOs3H,
-NH,, -NH-(C;-Cg)alkyl, -N-((C;-Cglalkyl),, -P((C1-
Cg)alkyl),, -SO03-(Ci-C4q)alkyl, -80,-(C;-C¢)alkyl, -SO-(Ci-
Cg¢)alkyl, -CF3;, —-NHCO-(Ci;-Cq)alkyl, —COO-(C;-Cg)alkyl,
-CONH;, -CO-(C;-Cg)alkyl, -—-NHCOH, -NHCOO-(C;-C4q)alkyl,
20 ~-CO-phenyl, =-COO-phenyl, -COO-(Cgs-Cip)aryl, -CO-(Cz-Cyig)-
aryl, -CH=CH-CO,-(C;-Cg)alkyl, -CH=CHCOzH, -P(phenyl),,
-P((C1-Cg)alkyl),, -PC (phenyl) ,, -PO((C1-Cyq)alkyl),,
—-PO3H, and -PO(0O-(C;—-Cg)alkyl),.

25 A heteroaryl radical may preferably bear 1, 2, 3, 4 or
O

W/ 5 identical or different substituents. Further

‘aromatic, heterocaromatic or/and aliphatic rings may

also be fused onto the heteroaryl radical.

30 The halogen atoms which find use in the context of the
present invention are preferably chlorine or fluorine

atoms.

Preferred R' and R? radicals are an alkyl radical,
35 including a cycloalkyl radical, optionally substituted
by one or more substituents selected from -0-(C;-
Cg)alkyl-, =-0-CO-(Cy-Cg)alkyl, -Ophenyl, -phenyl, -Cl,
-F, -OH, -CN, -COOH, -N((C;-Cg)alkyl),, -CF3, and -COO-
(C1-Cg)alkyl, an aryl radical, optionally substituted by



20 - CO phenyl, -COO phenyl, -COO (C6-Cl10) aryl, -CO (C6-C13)- aryl,
-CH=CH C2- (C-cC8) alkyl, -CH=CHCO2H, -P(phenyl)2, -P((Cl-C8)alkyl) 2,
- PQ(phenyl )2, -PO ( (C-C4) alkyl) 2, -PGBH2 and -PQ(O (C1-06)al kyl )25 1ge0A
het eroaryl radical may preferably bear 2, 3, 4 or 5 identical or
different substituents. Further aromatiC, heter oar orrati c or/and aliphatic

rings may alsq be fH,lse onf {h\e][lhekeroarlyl eaéjl nf’l e a(-rr]e%ﬁh%lfl%g’in at ons

whi ch find uSe”in’T he cont eX presen i nv Bl y
chlorine or #DudCing)adtlons. Prader (@eCRladkdlR2 rddie@l,$aaye, an-alkyl

di cal 35 I I Ik I t I bst b :
(r)(rle Im(;?e subst i ‘?ﬁen 4 se?eg’%/gd r‘o?r/1 déf}?'cia&&é% wg%gﬁ()}%u S(Cléldjogis]al kgl ene
- Ophenyl, -plenylkyld , —~P{Phen@h) ., CNand0OOH, ( (ONCCela DBY &l :k,yl)and CE3, and
- COO C C3 t Ut o7 7
one or(rmre é%t%stlotaﬁ plrt ?’és{(li é:’e%%“egadfpr l%é(l%%ﬁcgu}ﬁbﬁw%hlt e I%%;I

- OCO- ( Cl1- CB) mbk¢l , sulygsl Tiep) ag yIse Legted - ﬁromO-I C.E6E3) al@\l,l,-O{mHCl
-N((CL- CB) al ky] ) 2y 1 SOEEL1cC a1 - PURNERY|) 2 and_c P (G, Cab kv1) 2

and a 5 heteroaryl radi cal ptional substrtui or nore
substituents- §§I3ect'é1i]rfroﬁfpo(“1€1 fﬁfé@kﬂs ai@Y(lO:L CE&%FPT(WJ, -Cgs)alkyl,

- OCO- (C1-03) abg}ﬂﬁen ( 66- Ogﬁa{aryl (Cl_qs, al , -CF3, -CN, -000H, -N(
(C1-CB)al kyl) 2, CXD al kyl , (yphenyl) and -P((Cl-C8)al kyl) 2.
10 Partiiarly preferred Rl and R2 radicals are an al kyl radical,

including a @melt@ahlmlrwaqjmerm i pzhaiaxh& rRSubkstiitutied dne oag erlkryqre
phenyl groups, .and.an ar ted by .one nor e

di | bstit
ooy L gadre 1 h, dhtpal i Can TR PAdkY SYRRt cas o oBEaRRg L,

£ substituted by one or more phenyl groups, and an aryl
g radical optionally substituted by one or more alkyl

15 radicals.

Preferred R' and R? radicals are also sterically
demanding substituents such as cycloalkyl radicals or
aryl radicals, particularly preferred aryl radicals
20 being phenyl radicals which bear one, two or three
substituents, for example, in the ortho- and/or para-
position. Especially preferred R! and R® radicals are
2,4,6-trimethylphenyl, 2,6-dimethylphenyl, 1l-adamantyl,
tert-butyl, cyclohexyl, o-tolyl, 2,6-diisopropyl-4-
25 methylphenyl and 2, 6-diisopropylphenyl groups.
Preferred R?® to R® radicals are each independently
selected from a hydrogen atom, -F, -Cl,  -CN,. -COOH,
-S0sH, -NH-(C;-Cg)alkyl, -N((C1-Cg)alkyl),, =NHCO-(Cy-C4)~
30 alkyl, -CF3;, -COO-(C;-Cg)alkyl, -CO-(C;-Cg)alkyl, -PO-
(phenyl),, —-PO((Ci-Cg)alkyl),, an optionally substituted
(C1-Cg)alkyl radical, an optionally substituted (Cg—-Ci4)~
aryl radical, and an optionally substituted five-, six-
or seven-membered heteroaryl radical, or at least two
35 of the R’ to R® radicals together with the carbon atoms
to which they are Dbonded form a 4-12-membered,
preferably a five-, six- or seven-membered, ring.
Particularly preferred R® to R® radicals are a hydrogen

atom and/or an alkyl radical, in particular a methyl or



demandi ng substituents such as cycl oal kyl
particularly preferred aryl

one, two or three

position. Especially

2,4,6-trinmethyl phenyl,

cycl ohexyl, o-tolyl,
2, 6- dllsopro%@
|ndependently

COO- ( C1- C8) al

optionally SJ%%{|tUE§Qﬁg%C%%£%)

substituents,

W

-NH (Cl- C8) rada@idrreN (err@c@dlm)ntm

radicals or aryl radicals,
radi cal s 20 bei ng phenyl radicals which bear
for exanple, in the ortho- and/or para-
preferred Rl and R2 radicals are 25-Jan-07
2, 6- dlnethylphenyé 1-adamantyl, tert-butyl,

5

2, 6-dii sopropyl nmet hyl phenyl and

d di I h
P TR le O e
) the - NEEDenECL-14)andB0 cdl kydhe - CF3,

H%le’ mggjpgppa@mcal B (g% %Stﬁveh g ., an

an Optl ona

(C6- Cl14) - arydtamsdi @al 2l knd aﬁdega

seven- rren@er?dlhéﬂf%ﬁ&ﬁrxémaﬁn&% Ut attﬂ

radi cal s together wwth the carpon ato

4- 12- menber edormprlef eddBily ra Ri vénd sRx- @ﬁK%eBe

énalliny st set efl A \p@-rtmwdardry
%artﬁ’é‘?le:% 19f

whi ch they rggﬁoﬁggd FE§n1a

n%ﬁ%b@rede%¢mgL0rm

Particul arly pigfierded R3a1psR6 padincal sd Mﬁgegelégegaancyﬁm an

al kyl radical, in particular a methyl or 2 Jan- - et hyl group. For
exanple, in thElegen Gtonhand cﬂ}}%}fll yracb]rﬁ]e?rf ed enbodl nment of the carbene
| igand of the formula (II) R3 and R4 may be identical and be hydrogen
atons or aIkyI radi cal s. he cas ;of a @rtl IarI 5 preferred

enbodi neht of f{héhéar%ﬁ% 9 ar?dileof the© f %%/ RATIAFRET3hd R3

and R6, each ﬁﬂérﬁ&ﬁntsqabtmaUEatseaml
hydr ogen atons anq_e kyl _radi cal
particul arly Pt ed 568%tity

nﬂlegendamyly sebectead fram

ST kyl. TAareal e LeiEeted 11 om

0- {\O 0) al k—}d ,phe@:}ﬂO(Cbh@&)/dl kyt¥, -OG:phenylH, -pGEpylSCO®H, - GIGHG,OH, -CN,

-OéCH’ ' -SO3H, -NH,, -NH-(C;-Cg)alkyl, -N((C;-Cg)alkyl),, NHCO-
15 (C1~-Cy4)alkyl, -CF3;, -COO-(C;-Cg)alkyl, -NHCOH, -NHCOO-
~ (C1-C4)alkyl, -CO-phenyl, -COO-phenyl, -PO(phenyl),, and
-PO- (C;-Cg)alkyl),. Particularly preferred substituents
of the aryl radical are selected from -(C;-Cg)alkyl, -0O-
(C1~Cg)alkyl, - (Cg-Cyip)aryl, -0CO-(C;-Cg)alkyl, -0-
20 phenyl, -phenyl, -F, -Cl, -OH, -CF;, -CN, -COOH, -SO0Os3H,
-NH,, -NH-(C;-Cg)alkyl, -N((C1-Cg)alkyl,, -NHCO-(C;-Cy)~-
alkyl, -C00-(C1-Cg)alkyl, -CONHz, -CO-(Cy-Cg)alkyl,
-NHCOH, -NHCOO-(C.-C4)alkyl, -CO-phenyl, -COO-phenyl,
~-CO0- (Cg-Cyg) aryl, -CO-(Cs—Cyo)aryl, -P(phenyl),, -P((Ci-
25 Cglalkyl),, -PO(phenyl),, -PO((Ci-C4)alkyl).,, -POzH, and
<;> -PO(0-(C1-Cg)alkyl),. | Particularly preferred
substituents of the Thetercaryl radical are each
independently selected from -(C:-Cg)alkyl, -0-(C1-Cg)-
alkyl, -0CO-(C;-Cg)alkyl, -O-phenyl, -phenyl, -F, -Cl,
30 -OH, -CF;, -CN, -COOH, -SOs3H, -NHz, -NH-(C;-Cg)alkyl,
_N((Cy-Cg)alkyl)s, =NHCO-(Ci~C4)alkyl, -COO-(Cy-Cg)alkyl,
-CONH,, -CO-(C;-Cg)alkyl, -NHCOH, -NHCOO-(C;-C4)alkyl,
-CO0- (C¢—-C1p) aryl, =CO-(Cgs—Cyip)aryl, -P(phenyl),, -P((Ci-
Cg)alkyl),, -PO(phenyl),, -PO((Ci-C4)alkyl):, -PO3Hz, and

35 —-PO(0-(C1-Cg)alkyl).
Particularly preferred ligands 1? are the following
carbenes: 1,3-bis(2,4,6-
trimethylphenyl) imidazolinylidene, 1,3-bis (2,6~



enmitas,

-SOBHL - NH2, - NH- (Cl1-C8)alkyl, -N((Cl-Ce) alky1)2 NHCO 15 (Cl-04)al kyl ,

-CF3, -COO (C1-08)alkyl, -NHCOH, -NHOOO- (C1-04)alkyl, -CO phenyl,

- COO phenyl , -PQ(phenyl)2, and -PO (Cl-C8)alkyl) 2. Particul arl Yy prefeymesy
substituents of the aryl radical are selected from-(Cl-C8)al kyl, -0-
(C1-08)al kyl, -(C6-010) aryl, -0OCO (Ci- C§) al kyl, -0 20 phenyl, -phenyl - F,

-d, -+, - NH2, . - NH- ( CL- 08).al k -N((Cl1-C8 IkI2
- NHOO- ( C1- M)sl%%flo%’(ﬂ%ﬂ%kwh %fﬁ’f\ll(-IZ )a%ﬁ/{ %{flg%éwy 1)\1acc1¥|
- (N:SC%( g}O)C%)n&ldQ/inPr(r(‘y;lpdﬂ@m@ll - COO- pghemdi,s ( ltkéi@-h(l,%yp)lﬂt)lhoﬁdzyc%lln—
a en
-PO((Cl c4) aH@yﬁyG%éfbe POSHE” ?Déﬁcﬁcygé@%ﬁ éﬁ%ﬁ‘éﬁé‘%@ff‘é’? Broul & 2@
preferred suhist M-uteasﬂ:ysl bimidt@zdﬂbixeybacdgher adi ,c%bﬁ@,eﬁ&eﬂnma;dmwﬁent |y
| ect ed - - . - 0-(Cls s.alkyl, - Cl- k
0 phenyl ° - praigy iy e L ARy 8RR P iy o
- IC\I:IC—]I-\"(_Igl C8) aldiyll sop ey Bih sy hl myic)lazolhﬂa-mc' d€iep4) al kyl ,, 3= hﬁ‘mz,@f@f) al Ikyl :
10)aryl,
CO- ( C6- 010) ar%%ﬁé{nﬁxg“ g(?tﬁt% & ??%ﬂ‘%éfeﬂeh » FprRl ary
-PO]S(Cl 834') al w@zdmmth@z?ml 3‘5,SPGDJ@mL@BQIaIZ@tL)izllgaﬁE»cull,aﬂy
referred |i 0 _ _
!torl nmet hyl pheny ns)dl m dazo n{/ﬁ dgn% a\ik@gdf) %?gggﬁégl%‘g%lg%ﬁg e 63 bis
di net hyl éﬁenytl%ﬁtm%"zbl)ih%/d 5 udbeydno Bnidazal hawkaAene) - i ni daﬂz/o?hb'MT dene,

1,3-bis(tert- {??dﬂ&ﬁé&&@Wfﬂ'SLdYEyQ§8§mldazol1nylldene 1,3-bis
13b|s(cyclo xyl)lmdazollnylldene - |s(otonI5|mdazoI|n |dene

1, 3-bi s( 2, 6- i956bropy? -2y e HyF prend i 3y hidaRet i nyl i dene 3RESL(B-%T s( 2, 6-
f“ l@moloylhphmyéapf%@%z? Jrrﬁlé’ttﬂa‘_{?iE@lQen}l Balm séalﬁyﬁgomldazolm—

ri e | r.or.m, daz |.dene | S
e e drs G T Taan0), I e el ML) ~4, 5-dihydro-

15 1m1dazollnylldene

The preferred central metal in the inventive complexes
is a metal 1in the 0 oxidation state. Palladium 1is
especially preferred.
20

Ligands having at least one electron-deficient olefinic
double bond L' are electron-deficient olefins which
bear electron-withdrawing substituents on the double
bond. Generally suitable for this purpose are

25 substituents whose electronegativity 1s greater than

that of a hydrogen substituent. Compounds of the
formula L! may have one, two, three or four of these
electron-withdrawing substituents on the double bond.
Preferred electron-withdrawing substituents are cyano
30 groups or carbonyl radicals, for example aldehyde
groups, ketyl radicals, éarboxylic acid groups,
carboxylic ester radicals, carboxamide radicals, or N-

substituted carboxamide radicals.

35 Compounds of the formula Lt may have one or more,
preferably one or two, electron-deficient olefinic
double bonds. Particular preference 1is given to those
compounds which do not contain any further olefinic

double bonds apart from the electron-deficient olefinic



bi s(1- adamant yl ) - 4, 5-di hydr oi m dazol i nyl i dene, 1,3-bis 10

tert-butyl)-4,5-di hydroi m dazol i nylidene, 1, 3-Dbis-

(cycl ohexyl) -4, 5-di hydr oi m dazol i nyli dene, 1, 3-bis(o 25-Jan-07
tolyl) -4, 5-di hydroi m dazol i nylidene, 1,3-Dbis(2,6-

di i sopropyl - 4- net hyl phenyl) - 4, 5- di hydr oi'm dazol i n ylidene and

1, 3-bis(2, 6- dci s[iolp Cylcp{gﬁnyl )-4,5-di hydro- 15 i m dazolinylidene. The
preferred centra al”imn the inventive conplexes is a netal inthe O
oxidation state. Palladiumis especially preferred. 20 Ligands havi ng at

| east one el def lefin £ bopd ctr eficient
ol efi ns whi cﬁg:éerbea%rl Eg!te?%%e\%ct%hdr%% ngﬂqglbstl ?gent% @é}g‘fﬁégdou‘ﬁﬂ& bond.
General |y sumt@cbidalrfaﬂe t hbs pue posartared 2B8esabstdtaenby whosetly one

S ectr onegal iy dgt dch UAA oA NaRul1 L N3baa! BnBYOraaGH sstd]

Conmpounds of t ormul a Lt may have one, four o t ese

el ectron-wi t Hur adPRgOSOBSt i ued s hevet h@X@I@ab}/e Bond douprlef epeped, or

el ectron-wi t haraw ElmﬁHQﬁHbthge ake re%ane .30 959%%5%1@999%% ragi cal s,
for exanpl e al dehyde "groups, ketyl radicals, carboxylic acid

car boxylic es&@rlrcadl%l SO erAfe r AdincHIdICOr NOSuUbStat utaédlOw

car boxam de radhe@l shedns Q@@@@@m&%nte@ el endd sBY¥ kRYe1enNe Ry nore,
preferably one or two, electron-defici ent ol efinic . douhle bonds. Particular

preferend® i sCQi VBR 1t hoReta¢oriidtids TR dif tdE ot Scnitai R2dRy Fifk her
ol efinic dOL@Azﬁn;bmds mﬁrtqﬁimwe eheehr oardef iteiugnt 20l gfrdtcs 2t Jan- 07

10 doubl e bond 4 Gﬁfm refler nce is given to conpounds which
coor di nat e toelék?f% Ty &l Jaqabrh(ﬁ% y“exactly one 5 electron-deficient
dou@e bond. These may, for exanple,

Particularly preferred ligands L' in the context of the

15 present invention are 1illustrated by the following

formulae (IV), (V) and (VI).
o 0
Ri1 0 Ry Riz
Rs Rs
>:__:< Ry3 Ryg R44 Ry
R4 Rip Ri3 o}
£ (V) (V) (V1)

20 In formula (IV), R’ is selected from -CN, -COH, -COR'?,
~COOH, -COOR'®, -CONHR®, and -CONR'®R'®, where R!® and R'®
are each independently a hydrogen atom, a C;~-Cg alkyl
radical or C,-Cg alkenyl radical, and
R, R’ and R!Y are each independently selected from a

25 hydrogen atom, a Ci1-Cg alkyl radical, a C;-Cg alkenyl
radical, a halogen atom, a hydroxyl group, -CN, -COH,
_COR'®, -COOH, -COORY®, -CONHR'® and -CONR'R!®, where R'
and R'® are each as defined above. Two suitable R’, RS,
r?, RY, R'® and R!® radicals may optionally form, for

30 example by condensation of functional groups present



be conpounds whi ch have exactly one doubl e bond, or else conpounds whose
for exanple owng to steric or confornmational hindrance, does

structur

not allow sinultaneous coordination of nore than one double bond 10 4

sane net

| i gands L1 i
the follow n

€,

al

SOJaEJW]

atom The latter is the case, for exanple, for quinones whic
are thus a preferred enbodi ment of the b gands L1. Particularly preferred

n.the .cont ext

h Q égac n o] org; ite s
§IS SR e 1§ A ‘énﬂ (V5. °8 BOIRi iCSFMONRL REIS YRS Ri g

resent invention are illustrated by

/| Rl4 Rig RldindAeR aa:o dBul@l(aI \Borfda, (\ﬂdgefZQaﬂ nwfl@hrrutae(léfaomsR7tci>s

selected fro
where R15 an

radi cal

sel ected gr org

radi cal ,
- COOR15,

above. Two s
form for 30 exanp

and - CON

g?hﬁiq“g’ the éacﬁ |ndlepe defi tI5 a%y%r eﬁ?gm péeéflt%b kyI

or Cbmralﬂcembemdpar;n@ndh%h Rsyapdeﬁé@aarl@ ®ac la doepiendent | y

hal o&en at'om

a C1-C8 al kyl radical, a C2-CB al kenyl
AR A

group, -CN, -COH, COR15, -000H,

CO\IHR15 and CO\IR15R16 Wnere R15 and R16 are each as defined

]:quf@ ee'%gy conoﬁensatl on O% Ql 163]!: dlse es g@a’ Oﬁtl Roa! A

unc i onal dgroups presen 252 Jan- 07

- 11 therei mysirqaesl azeprenendf aheabkyhoredieadi.ndlhat aikyby rasingslle or

doubl e bonds togethergw th EQ? at mit i d d
8- merrbered praeferab Y b e iElmegber r'i nrg@rv%hﬁﬁe%%%? greﬁﬂ y be
aromati cl05 &2 %Forﬁfyﬁjr ogenat ed. Preferred RI' and RL6 radl cals are

selected froma

O

15

20

25

30

35

In the formulae (V) and (VI), R'Y, R'?, R!® and R' are

each independently selected from a hydrogen atom, a C;-

Cs

alkyl radical, a halogen atom or -CN, or in each

case two of the R' to RY substituents together with

the

atoms to which they are bonded form a 5- to 8-

membered, preferably 5- or 6-membered, ring which may

preferably be aromatic or partly hydrogenated.

Preferred R'Y, R', R and R radicals are hydrogen

atoms and alkyl radicals. An alkyl radical has 1 to 8,

preferably 1 to 6, more preferably 1 to 4, carbon

atoms. Particular preference is given to the case that

at least RY and R'? are hydrogen atoms, in which case

Rl3

and R' are likewise hydrogen atoms or alkyl

radicals, or form a 6-membered aromatic ring.

Particularly preferred ligands L! are acrylic acid,

acrylic esters, acrylonitrile, methacrylic acid,

methacrylic esters,4methacrylonitrile, benzoquinone, 2-

methyl-p-benzoquinone, 2,5-dimethyl-p-benzoquinone,

2,3-dichloro-5, 6-dicyano-p-benzoquinone, naphtho-

quinone, anthraquinone, maleic anhydride, maleimide,

maleic acid, maleic esters, fumaric acid, fumaric

esters, metal salts of the carboxylic acids mentioned,

or tetracyanoethene.

In

addition to complexes of the formula (I), the

present invention also provides dimers of these



hydrogen atom and an al kyl radical. The alkyl radical has 1 to 8,
preferably 1 to 6, nore preferably 1 to 4, 10 carbon atons. In the fornul ae
(VM) and (VI) , R', R12 R13 and R14 are each independently sel ected froys-07
hydrogen atom a C Ce al kyl radical, a halogen atomor -CN, or in each 15
case two of the RI1 to R14 substituents together with the atoms to which
they are bonded forma 5- to, 8- nenbered, preferably 5- or 6-nenbered, ring
whi ch may pr%?@]g%}ffls be"Ar&fat it or PRFLFS R dro‘@’e%at 8. APrlertied RL
Rlz R13 and Rishctadical staref hydeogéganat as andyahkyle radi ced slodma! kyl
radi cal has 1 referab 10.6, nore preferably 1 to 4, carbon
atoms. Particu é&éﬁﬁ% ef%%%éa%% é%%%h to the case that at least Rl1 and R12
are hydrogen atons, in which case 25 R13 and R14 are |ikew se hydrogen atons
or al kyl 5ED]F@gL§€L§LL0r forma 6-nenbered aromatic ring. Particularly
preferred’ligands L' are acrylic acid, acrylic esters, acrylonitrile,

nmet hacrylic acid, 30 nethacrylic esters, nethacrylonitrile, benzoqui none, 2-
nethyl-p-benzoquigﬂgp, 2, 5-di met hyl - p- benzoqui none,

2, 3-di chl oro-5, 6-di cyano- p- benzoqui none, napht ho- qui none, ant hraqui none,
mal ei ¢ anhydride, maleimde, nmaleic acid, maleic esters, fumaric acid,
fumaric 35 esters, netal('salts of the carboxylic acids nentioned, or

t et racyanoet hene., 4 di?ﬁ%ﬁ too conpl exes of the formula (1), the present

i nvention al so prtev qi Lof these 25-Jan-07 12 conpl exes which are
connected via an additidnal functionality of the ligand L'. They have the
follomﬁn%o structure (1a) and (Ib): 5 L2-ML'-ML2 (la)

£ (Ib)
N/
where L', L? and M are each independently as defined
above, with the proviso that the bridging L' radical in
15 the formula (Ia) or (Ib) is selected such that it has a
further coordination site for an Ni, Pt or Pd atom, for
example a carbonyl oxygen or a further electron-
deficient olefinic double bond. The dimer of the
formula (Ib) appears to form preferentially in
20 crystalline forms, while the complex of the formula (I)

is to be found preferentially in solutions.

The invention further provides a process for preparing

5

" the novel catalyst complexes by reacting a carbene or a
25 precursor thereof with suitable nickel, palladium or
platinum complexes. Suitable complexes are those whose
ligands can be displaced readily by carbenes, for
example olefin complexes such as Ni{(cyclooctadiene)s,
Pd,(diallyl ether) s, alkyne or amine complexes
30 (PdMe, (N, N,N',N'-tetramethylethylenediamine)) .
Preferred reactants are those complexes which contain
(a) a suitable electron-deficient olefin L' as a ligand
on "a nickel, palladium or platinum atom, and (b) a
further ligand which can be displaced readily by a
35 carbene. Examples of such ligands which are replaced by
the carbene in the synthesis of the complex are

cyclooctadiene or norbornadiene, so that the reactant



L2-< JML2 Li 10 (Ib) where L', L2 and M are each independently as defined
above, with the proviso that the bridging L1 radical in 15 the formula (la)
or (Ib) is selected such that it has a further coordination site for an N
Pt or Pd atom for exanple a carbonyl oxygen or a further electron- 25.Jan-07
deficient ol efinic double bond. The dinmer, of the formula (Ib) appears to
formpreferentially in 20 crystalline forns, while the conplex of the

formila (1) ds doebierd oUNdoRLELET eRAly, 1 BosobyLighs, Thenyent] on
further provides a process for preparing the nove at al yst' conpl exes by
reacting a catisarsd fs(kenZBIpieeagsor  tder eof(nirble roaictisiples Bai (cledleic

pal | adi-um or Al MUB)CONPAEXRS 0Byl LDl & £ORPLEXES: ALenbaseswhese | | gands
can be displaced readily by carbenes, for exanple olefin conplexes such as
Ni (cycl ooct adiSen€P2POSPH2 {idi &PPy| cether) 3atarkyard ot heni hegzodplexds 30
(PAME2(N, B, No 1N il et anmt hyl iyl enedi am Be)d - Bref ephedyr eagt anks jare those

conpl exes which contain (a). a suitable electron-deficient olefin L' as a
ligand on aBficdeat gal TRl iRV ort bYat FALRTARoRPTRAGX(BF &defrdrerertd i gand

whi ch can be Hdireplnidead v eadi | Ynby fr3on&a# beney Exanpl es-Of, suchs | iggands
whi ch are replﬁgggﬁg¥ the carbene in the synthesis of the conplex are

cycl ooct adi e Ho? Yradf 8Re SX88PLRat Rehe-Reatfhfezoblumnsetts. i3 or
precursor conmpleeesethdes,of saexanpl e, (cycl oocta- di ene) Pd(benzoqui none)
or (norbanadiene)Pd(naleic anhydride). The npoiety of the reactant

conpl exes“which 1is conposed of the central atomand the ligand with 5

el ectron- def iltieent ndeublieebomat: angs whinely | 818bi lde prepared in situ

from a suitable precursor as described above and the

N carbene ligand L?. To this end, both components are
- added to the reaction mixture of the reaction to be
15 catalyzed. However, such a procedure is not preferred,
since the actually active catalyst species first has to

be formed here, i.e. the catalyst has to be preformed

in order to achieve a maximum activity. Since optimal
preformation conditions and optimal reaction conditions

20 for the catalysis reaction are frequently not
identical, the catalyst metal is not always optimally
utilized. It is therefore advantageous to prepare and

to 1isolate the inventive complexes under controlled
conditions and only then to use them as catalysts. In

25 this case, the carbene 1s preferably reacted with a

t«) solution of the reactant complex which contains the
fragment L'-M at reduced temperature (e.qg. at a
temperature of -78 to +30°C, preferably at -10°C to

+28°C). An example of a suitable solvent is THF. The

30 product which forms may be isolated, for example, by
concentrafing the solution and precipitating. It can
additionally be purified by customary processes such as

washing, recrystallization or reprecipitation.

35 According to the invention, the novel complexes are
used ‘as catalysts for organic reactions. Typical but
nonlimiting examples of such catalytic reactions are
olefinations, arylations, alkylations, ketone

arylations, aminations, etherifications, thiolizations,



present in the inventive carbene conplex is referred to hereinbelow as the
fragnent L1-M The precursors of carbenes may, for exanple, be the
imdazoliumsalts in the presence of bases. 10 The inventive catal yst nmay
al so be prepared in situ froma suitable precursor as described aboVd-knel7
the carbene ligand L2. To this end, both, conponents are added to the
reaction mxture of the reaction to be 15 catal yzed. However, such a
procedure is not f ed i ctu ctive catal yst_species
first has to‘&gley%)t?lré{ ’hercg,r%io?%aattﬁgon%dt a%é%a as’'to bagl%f%@oartrrgo %in
order to achi®vearyheXi Aarrasnii ©F. Simceoptompbungs ef sheaei on icondi ti ons
and optimal reactien goodbtiens 2dandhe £aiabysis Eac-an.Are, {iequent!y
not identical, the catalyst nmetal 1S not always optimally ‘utilized. It is
t her ef or e adviankfakffotrs t ot pt Epapecaaghapgsisphanatehe i Mrent ik Eomit exes
under controld&®gho i tigpsnand onlphd hegr-Lo-Hse thegm afﬁl&aé@é}yﬂ@s_ In 25
this case, the carbene is preferably reacted wth a solution of the
reactant conpl &R ch CHHRRS t he©ff r agiehtabiem at re@beedst enpeFat ure
(e.g. at a tepesatyetofond8 40 +30G i s efer abd Ve @les 1QG t O @8R . AN
exanple of a suitable solvent is THE. The 30 product, which forns may be

i sol at ed, forCERERY LIPS c8hceitrfatisng Fhe <BRUCLTOIRT 1pAddipit st fng. It
can additionaldyihe putéfoedrbyacushomaby pPOCeSSES Stk Ascowsindg,
recrystallizatiqn or re reii Ri tation. 35 According_.to the invention, the
novel corpl exEst rQrQGEEH‘e §1ddfal JSTEROP orfgdhi cCFedREFOnssSafRic  but
nonlimting exaplwes ekaguchsgat alyti creaspetions tdme roeheéhnati aftss. )

aryl ations, al kyl at io%ns, ki'zg@e aHIO%ti onsétgmgg]t_ggggédet her i fEi)lcPr'%(iJons,

thiolizations  25-J&n- SRSt m cou
™ " reactions. The complexes prepared in accordance with
et the invention have been found to be especially useful
15 as catalysts for preparing arylated olefins (Heck
reactions), biaryls (Suzuki reactions), carboxylic

acids and amines from aryl halides or vinyl halides or
other aryl-X compounds, for example aryldiazonium
salts.

20
By way of example, the high activity of the inventive
complexes 1is shown in the activation of inexpensive but

relatively unreactive chloroaromatics.

25 In general, the inventive catalyst 1s used directly

C\E without  further ligand additions. In this case,
stoichiometrically corresponding amounts of LI, L? and M

are advantageously used in the preparation of the

catalyst. However, 1t 1s also possible in catalytic

30  applications to wuse a preferably small excess of a

ligand to the transition metal.

Generally, it 1is customary to use the 1inventive
catalysts, owing to their activity, in very low
35 transition metal concentrations (< 2 mol%). In
catalytic applications, preference 1is given to using
transition metal concentrations between 1.5 and
0.0001 mol%, in particular between 1 and 0.01 mol%, of

transition metal.



silylations, carbonylations, cvanations, alkynylations of aryl-X conpounds
or vinyl-X conpounds, where X is a |leaving group, for exanple a halide, a
diazoniumsalt, triflate, trifluoronethanesul phonate, or ol efinic 525-Jan-07
conpounds, even in the presence of nucl ggphi | es. Further exanpl es of
suitable reactions are hydrosilylations of olefins or al kynes or ketones,

carbonyl ati o of fi | - 1. rizatians of _olefins
tel onerizati gﬂﬁse or delqenlgg?k%ir ’osggg%%gh?ﬁggnféa%afotﬂmodr)%a%%rﬁ%i%ﬁ%caFSagent S
(e.g. Gignatderagagent syeryitdtiame eafonss, thac ireagents thnhalgagents,
etc.) and opfier oif anaid ian JBial reptalyzed. coupling feaghionssothe

conpl exes prepared in accordance with the invention have beén found to be
especi al | y uSesR§erencgs casal Wstverf or tpr eperiingy arhbat eshiollefduss ( Heck

reactionsy, BLARKIS t(SUaukd £l eaet i pgS)ho el boxyl it C%Qgegvd am peg from
aryl halides or vinyl halides or other aryl-X conpounds, for exanple
aryl di azoni ukeegal £3ungdo Bie iy &P exahpl et t hemheghtacesviey o0 t ke

inventive cagplexespisrshwny,i g hecactgyati orn@fl LHEXPERSEVenHt be
relatively unreactive chioroaromatics. 25 In general, the inventive catalyst
is used dire&eRg WYHRHT f urPREr I9TgandChidi tYonsVern thi s BagEsure

st oi chi onet rirealdty 0@, espoNGh DghaBD WHs frd-'of Lanad u¥d @ e1@gvaat-ageously
used in the preparati og of the ca}t)al yst.%ﬁl%omek\%/er, it is also possihle in
cat al ytit 30 1&ppFiyRafPonY tBSGLe aPPrefRredtiARMAl Ilrbxctz‘s?s GR"4S | Pgand to
the transiti efrmdeidleriCenaiaddure idp itSo CAGtGNAr YThe H8eblihetiyngenthwe ‘
catal ysts, ow 0 rto t hei r 2 t}i{vi ty, in vgr #QW, 3531;[rran1.si.ti on net al
concent rati ofd %9 2 MD195 Pttt At Per biyﬂl 2attons, ipretBi%Encét’sSgi ven to
usi_/n\g t r ansithieomenretlalc coprieerts stnicons1deetoseeni ihadf eahdspecies.
15 The catalysts prepared in accordance with the invention
may be used, inter alia, for the preparation of aryl-
olefins, dienes, biaryls, benzoic acid -derivatives,
acrylic acid derivatives, arylalkanes, alkynes, amines,
ethers, thioethers and silyl compounds. The thus
20 prepared compounds may Dbe used, inter alia, as UV
absorbers, as intermediates for pharmaceuticals and
agrochemicals, as ligand precursors for metallocene
catalysts, as fragrances, active 1ngredients and
monomers for polymers.

25

S Examples

General procedure for the synthesis of the inventive
complexes:
30
1 mmol of an Ni, Pd or Pt complex with olefin fragments
is suspended in 50 ml of absolute THF. The preparation
of suitable reactant complexes 1is illustrated, for
example, in M. Hiramatsu et al., J. Organomet. Chem.
35 246 (1983) 203, wherein in particular the synthesis of
(cyclooctadiene)Pd(quinone) complexes is described.
A solution of 1 mmol of carbene in 20 ml of absolute
" THF is slowly added dropwise at -78°C. The mixture is

allowed to warm slowly to room temperature and stirred



25-Jan-07 - 15 The novel nickel, palladiumand platinum conpl exes are
thermal |y very stable. Thus, the inventive catalysts nmay be used at 925.jan-07
reaction tenperatures up to above 250C. Preference is given to using the
catal ysts at 5 tenperatures of -20 t0200L? in many cases, it has been found
useful to work at tenperatures of 30 to 180C, preferably 40 to 160C. The
conpl exes nmayfde auskdrwhehowt hessSof Beei vialpteddh LA pressereragedctions,
for which a piessHre-ehiconl Yyrupstieel0BwharnolQ s itk ¢ | yppised, bufy
preferably in the ran of atnospheric pressure up to 60 bar. The stability
of the i nverﬁ?@eféBﬁgﬁgx@W%‘e&ar‘HE}&I &Pl Vs e pr ?‘gﬁﬁg}ltﬁ e heThet al
conpl exes ar e tdeles Coot € ngbeddspesi €s1tdbedne At ak¥shsdpraRay edehBr
accordancg with the i.nv nti%g may be used, . inter alia, for tfe ErEEaration
of aryl- ol efd¥s, @ rmss, bitdPyl sCObERIBPRIARFd e TRETVES 2 LaRIGIIR acid
derivatives, asybdkahesobadkysesinaghaesticelber surthifeethers and silyl
conpounds. The thus 20 prepared conpounds may be used, inter alia, as W
absorbers, as internediates for pharnaceuticals and agrochem cals, as

| i gand precurgotts forrmet@mbriadicene machtfalgestign a® f r agiancesthadt i vehe

i ngredi ents apd, , non I S nples pry' General procedure
for the synt hg%%lso% (?ﬁéegqlég(géﬁ??v%%%o%%éigég'so 1 nmmol of an Ni, Pd or Pt
conplex vith olefin fragnents is suspended in 50 mM of absolute THF. The

preparation Examples 1 to 14




of suitable reactant conplexes is illustrated, for exanple, in M Hiramatsu
et al., J. Oganonet. Chem 35 246 (1983) 203, wherein in particular the
synt hesis of (cycl ooctadi ene)Pd(qui none) conpl exes is described. A 98ljghign
of 1 mml of carbene in 20 m of absol urtLg _THF is slowly added dropw se at
-78C. The mixture is allowed to warmstowy to roomtenperature and stirred
25-Jan-07 16 for a fyrther 2 hours. The solution is goncentrated under

rzgdlrjﬂcedfprgsslurf do N\ of ~ap ) i2 31 fi nal ny?dm' xeﬁ \c/i\“h
of absolute e : ) olidis of f, washe
with ether 5 and 7 N f g cprbene- neyz i conplex is
obt ai ned i n anal yti spondinng ifreation of this
method, the foll ofu ; 10|,E>}>a=nqal—{ss 1‘to_14 t.>
25-Jan-07 ' _7 rr =Pt N) = CFiti 1 230
Pro \ N. NtPr >=Pd- 1|1

3
0 | 0 NQM 0
C [:”‘" QP‘};L; L=



NNiPr 0O~0iPr 0O 456\. 00000 NI- 1 C14 11 CCN>>=Pd- )=Pd- =Pd-
NNJoO 789 25-Jan-07 18 i Pr~-OY \ oo OiPr foiPr ~iPr O 11 No
I \ CoPd-I \ N/ Pr oiPrIProOoOiPr00101112 Pr Pr 85 7587
'"~00 00O/ o0iPr 0S -0 Pno C=Pd, ' -, o C/=Pd Pd=j " ~: T
~=0 o0iP, 00 OPno iPr Prri 00, o f3814 Synt hesi s of (INEs)Pd(BQ)l
(BQ Pd(COD) (323 ng, 1.0 nmol) was suspended in THE 5 (50 m) under an
argon at nosphere an ooled to -78C in an acetone-dry ice bath.

1,3-Dinesitylimda -ylldene(3 g, 1.0 mol) olved in THE (20 ml)
was added sl ow'y"w a SyclSI nge V\:hl stl oring. e irrgng was conti nued
at -78C for 2 h. Th acdt o 1Q 10y|ce bath s IIo dito Warmslovay
to room >=Pd_ >=Pd_ pd_
12
/
/Q\ /Q Q\Pri
K iPr '—J =0 Pn
E\)—pd /Pd—< ] N>—Pd /pc\ j
C‘\\ \-Nd |Pr O== Q Pn
\
5 13 14

Synthesis of (IMes)Pd(BQ)1l
(BQ) PA(COD) (323 mg, 1.0 mmol) was suspended in THF
5 (50 ml) under an argon atmosphere and cooled to -78°C
in an acetone-dry ice bath. 1,3-Dimesitylimidazol-2-
ylidene (304 mg, 1.0 mmol) dissolved in THF (20 ml) was
added  slowly with a syringe while @ stirring. The
(;‘ stirring was continued at -78°C for 2 h. The acetone-
10 dry 1ice Dbath was allowed to warm slowly to room
temperature. The dark Dbrown solution was stirred at
room temperature for a further 2 h. The solution was
filtered (D4 frit) and concentrated to 5 ml by
evaporation under reduced pressure. Dried ether (20 ml)
15 was added slowly as a layer. The dark brown fine
crystals which had formed were removed and washed with
ether and dried under reduced pressure. Yield = 440 mg,
85%
Analysis calculated for Cy7HueN,0,Pd (518.95): C, 62.49;
20 H, 5.44; N, 5.39.
Found: C, 62.75; H, 5.42; N, 5.30.



tenperature. The dark brown solution was stirred at roomtenperature for a
further 2 h. The solution was filtered (D4 frit) and concentrated to 5 m
by evaporation under reduced pressure. Dried ether (20 m) 15 was adgefhn-07
slowy as a layer. The dark brown fine ystals which had fornmed were
removed and washed with ether and dri edl%nder reduced pressure. Yield = 440

, 85% A | t 8 2C2Pd (518. 95 C, 62.49; 20 H,
2944; N, 5.ng S@‘h %Cg]%gﬂ%g,’ig@ 4211\I N, 5. go 25- \)Jan 07 - 19 Synthesis
of (I I\/gs) Pd(NC@Q)4Pc( Q) Pd( GAD)3 (fﬁ@‘B rﬁglo 1mﬁlom)mlv)cayva$1&mﬁjmdlhn ITEHE (50
m er an an, at er o] t
ba% hfml, 3-Di né%(?tng][)i mgg§§2| g?(?rgeﬁgg?%gﬁe § afcg 8 %s?so?{/é/ |n THE
(20 M) was Hdded showlt;vnw—tihrya s9ei ngetwhi |l 3S{Dmrraﬂg:yArmmiacbcslh—250I ution
for med '”%Ed')gie TE‘?oMin ti 9”0"‘@:%0% 'BEEgol%d (8CHGr @ mlazt Cas

acetone-dry i was a to roomterrper ure. The
dark red 10 sdﬂiqi.ﬁql oﬁlwaélirtrfeda asyroopet ezrlfpé-mtmerfomga ﬂurltehbilsm h. The

sol ution vvasdgéi&@f&q Qf@%mfeﬁ' ?% T(Cé)JSrS;en%Bgtescgl i on

under reduce ressure. Drie m) was a e%os | oWy as a ayer.
The red cr yst%ﬁs Ml@hfﬁéde&nﬂﬁlW@eiﬁW@’ 15ce| baith aivd v@elslhéd%dmth

ether and dried upder reduced qse ARl 3 AR0_ My B4%fnal ys)
cal cul ated for C31H30N2QO2Pd (569. 01) C 6%1%44 H, 5. 31n N, 92. Found C,

65.79; H105 4801W1Qn guas S6LEEREr AL Wt nec iRt FRbUFor f?ﬁeaHecdkrtrfé%Iétl on of
aryl halidesp h. The solution was filtered (D4 frit) and

concentrated to 5 ml by evaporation under reduced
<;> pressure. Dried ether (25 ml) was added slowly as a
' layer. The red crystals which had formed were removed
15 slowly and washed with ether and dried under reduced
pressure. Yield = 480 mg, 84%
Analysis calculated for C;3;Hj3oN20,Pd (569.01): C, 65.44;
H, 5.31; N, 4.92.
Found: C, ©5.79; H, 5.48; N, 4.80.

20
General working method for the Heck reaction of aryl
halides:
In a pressure tube (obtainable, for example, from

25 Aldrich), under an argon atmosphere, 1 mmol of aryl
C:} halide, 1.5 mmol of olefin, 1.2 mmol of base, a
suitable amount of the inventive complex (1 mol%) and

100 mg of diethylene glycol di-n-butyl ether (as an
internal standard for the GC analysis) were added to

30 2 g of an ionic liquid or 5 ml of dioxane. The tube was
sealed and suspended in a preheated silicone oil bath.
After 24 h, it was allowed to cool to room temperature.

The mixture was suspended in ether and the supernatant
solution was analyzed by gas chromatography. The

35 products may be 1isolated by distillation or column
chromatography (silica gel, hexane-ethyl acetate

mixtures) .



In . a pressure tube (obtainable, for exanple, from 25 AI dr| ch) under an
argon atnosphere, 1 mol of aryl halide, 1.5 nmmol of olefin, 1.2 mmol of
base, a suitable amount of the inventive conplex (1 nol% and 100 n%qjan_m
di et hyl ene glycol di-n-butyl ether (as an internal standard for the

anal ysis) were added to 30 2 g of an iem@€ +iquid or 5 m of dioxane. The
tube was seal ed and suspended in a preheated silicone oil bath. After 24
h, it was allowed to cool to roofikteppesatlar&o 3The mi xture was suspended in
et her and the supernatant solution was anal yzed by gas chronmat ography. The
35 products nmay be isolated by distillation or colum chronat ography
(silica gel, hexanegethyl acetate m xtures). 25-Jan-07_,20 xanples 15 to
31ci RL R (II\Aas) dNQ) 4\ +~~NaOAcR2/ R2 5 "I M
1, 3-bi s(2, 4, 6- tr| %2 dazdMe"¥NA Fdene and i NS
napht hoqui none. : %@1} Tenp. CQuyer sion Yiel d (a2 (C) (% 15 H H
Bu4NBr 140 71 62 6 H H Bu4NBr 160 83 67 17 H CI:I—PB Bu4NBr 160 63 52 18 H
NC2 Bu4NBr 140 100 88 19 H Me Bu4NBr 160 65 62 20 H CF3 Bu4NBr 140 93 84
21 CN H Bu4NBr 140 100 99 22 1.1. H OOOH3 Bu4NBr 140 100 97

5
"IMES" means 1,3-bis(2,4,6-trimethylphenyl)imidazolin-
ylidene and "NQ" means naphthoquinone.
No. R! r? Sol. Temp. Conversion Yield
O (°C) (%) (%)
15 H H Bu,NBr 140 71 62
16 H H Bu,NBr 160 83 67
17 q OCHj; Bu,NBr 160 63 52
18 H NO, Bu,NBr 140 100 88
19 H Me BuyNBr 160 65 62
20 H CF; Bu,NBr 140 93 84
21 CN H BuyNBr 140 100 99
22 1.1. H COCH;4 Bu,NBr 140 100 87
23 1.2. H COCH;4 Et,NBr 140 100 85
24 1.3. H COCH;4 dioxane 140 100 98
25 1.4. H CFE3 dioxane 140 95 89
. 26 1.5. H OCH; dioxane 160 65 59
9 27 1.6. F H dioxane 160 87 82
10 Sol. = solvent
cl R 0 Et

1 ‘ l
R @ /\(OY £t (IMes)Pd(NQ) 4 /@/\)J\O/\Bu
+
X O Bu  Bu,NBr, NaOAc, 140°C, 24h g2

a2



23 1.2. H COCH3 Et4NBr 140 100 95 24 1.3. H 0O00OH3 di oxane 140 100 98 25
1.4. H CF3 dioxane 140 95 89 26 1.5. H OCH3 di oxane 160 65 59 27 1.6. F H
di oxane 160 87 82 10 Sol. = solvent C R O E RL/ OV Ef (IMs)Pd(NQ 4
O-Bu + | 0 Bu Bu4NBr, NoQOAc, 140C, 24h Rz / 2 R 25-Jan-07 - 21 No25-Rin-6R2
Conversion Yield (% (o) 28 ON H 100 8 29 H NO, 100 98 30 H OOCH3 100
99 31 H CF3 98 90 General working procédure for the Heck reaction of

aryl di azonium salts: 5 Under an argon atnosphere, 1 mml of aryl di azoni um
salt, 1.5 nmel—ef—eletHn—a—suitable—ampunt—of—carbene—Pd-olefin catal yst
(1 mol % and 10Qvarg of diethyl ene glycef di-n-duiydrsgiher (asiansjnternal
standard for 10 the GC analysis) were added to 5 mgpf ethanol. The m xture
was heat ed i i xed
with ether at ro@tn tenperat@ire. The solwtion was aoal yzed by gas

chr omat ogr aphy. }'Qe pr oduct s,y be ISQ[{]/ ted by 15 bStI 'l ati E§ or col um
chromat ography (Si'lica gel, hexane/eth acetate xtures) grrpl es 32 to
36 30 H COCH; 100

31 H CF; 98 90

General working procedure for the Heck reaction of

aryldiazonium salts:

Under an argon atmosphere, 1 mmol of aryldiazonium

(T\ salt, 1.5 mmol of olefin, a suitable amount of carbene-
Pd-olefin catalyst (1 mol%) and 100 mg of diethylene

glycol di-n-butyl ether (as an internal standard for

10 the GC analysis) were added to 5 ml of ethanol. The
mixture was heated to a suitable temperature for 1 hour

and subsequently admixed with ether at room
temperature. The solution was analyzed by gas
chromatography. The products may be isolated by

15 distillation or column chromatography (silica gel,

hexane/ethyl acetate mixtures).

Examples 32 to 36

P

\;;__/‘ .
N,BF, R
R (IMes)Pd(NQ) 4 Y
+ /\Y
EtOH, 50°C, 1h R?
R2
20
No. R R? 1.7. Y Yield
(%)
32 H OMe Ph 68
33 H OMe CO,EtL 90
35 H Net, COQCH2CH(Et) (CH2)3CH3 99
36 H NO, CO,CH,CH (Et) (CH,) 3CHs 96




N2BF4 Ri R (IMes)Pd(NQ) 4 Y DOH, 50C, th RR 1Z R20 No. RL RZ1.7. Y
Yield (D) 32 HOw Ph 68 33 HOw COREt 90 34 H One

CO, CH2CH(Et) (CH, ) 3CH3 88 35 H Nett CORCH2CH(Et) (CH2)3CH3 99 36 H NOB5.Jan-07
CO2CH, CH(Et) (CH, ) 3CH3 96 25-Jan-07 22 gbgeral wor ki ng procedure for the
Suzuki reaction of aryl halides In a p% ssure tube (obtainable for

exanpl e, fro under _a rgo sph aof ar

hal i de, 1. G ? 5# ar?ﬂ% g%npgogglgre %? Iﬂ% §%%%%} Q?%ﬁﬁﬁ?&bléfannunt
of car bene Pa:ypl efiahidasal yst (1 nol % and 100 ng of diethylene glycol

di -n-butyl ether (as an internal standard for the GC anal ysis) 10 were

added to 5 ml of xylene. The tube was seal ed and suspended in a preheated
silicone oilIlbath. Afeesuld h*;ubéiat waistaihebkd, t ofecool examnpbem t Enper at ur e.

The m xture AVES; %H?Peqﬂﬁ%f nagt fgofi‘”g:ér{b p?rla%qeetrﬁ a%g éfa;étcl 0 ryivas

anal yzed by gas chromat ogr aphy. e produ
di stillationhatidel uknochmokardgreaptiyoosiid caa;lg:bl 1 rEemeI le]ykDaaQet ate

m xt ures). Eéa”m@fta%éo hddnB(OP2 RlabpeRelph-brzrih! NS PI(NQ 4 +
Cs2Q03, xyl ene

(1 moi) and 100 mg of diethylene glycol di-n-butyl
ether (as an internal standard for the GC analysis)

10 were added to 5 ml of xylene. The tube was sealed and
suspended in a preheated silicone oil bath. After 20 h,

it was allowed to cool to room temperature. The mixture

(f\ was suspended in ether, and the supernatant solution
N/ was analyzed by gas chromatography. The products may be
15 isolated by distillation or column chromatography

(silica gel, hexane/ethyl acetate mixtures).

Examples 37 to 43

Cl B{OH),
R' = | (IMes)PdA(NQ) 4
X i Cs,CO;3, xylene
R2
20
e No. R! R? Temp. - Conversion Yield
(°C) (%) (%)
37 CN H 100 100 98
38 H NO, 100 100 87
39 H COCH; 100 94 88
40 H CF; 100 89 86
41 H H 120 86 78
42 H CHs 120 91 84
43 H OCH; 120 73 69

General working procedure for the Suzuki reaction of

aryldiazonium salts:



Rz.20 No. Rl R2 Tenp. Conversion Yield (C (o) (% 37 CN H 100 100 98 38
H NO2 100 100 87 39 H COCH3 100 94 88 40 H CF3 100 89 86 41 H H 120 86 78
42 H CH3 120 91 84 43 H OCH3 120 73 69 Ceneral working procedure for %Ij'e
Suzuki reaction of aryldiazoniumsalts: 25-Jan-07 23 Under an ar gofP-Jan-07
at nosphere, 1 mmol of aryldiazonium sal23 -1.2 mol of arylboronic acid, a
sui tabl e anount of carbene-Pd-olefin catalyst (1 nol% and 100 ng of

di et hyl ene glyEsir diahn- Baggh ethepsphsran i ht emmal 55t anddrd afzam itde GC
anal ysi s) wer, ded 30 - Th ixture ted to.a

sui tabl e terrS%el;%gt ?ej f ggo? rﬁraaﬁg@gg%%égugﬁmdé ;gdmsyggagﬁgr SERUnt

t enper at ure Wit hiCRFARRS-FRzOs8f ki oin iy Hnal Yzewp Iy gad dflonmyogriaphy.

The products gmyHig dreol atigdday 10 gishidatigpar cglumy, Chrgxg%t aphy
(silica gel, heﬁgﬁe/ et hf}glt %g:cet ate m'xtur}}es). Exarrplgs 44ntol lﬁq%gl ZBFy

B(OH) 2 R-° (| MSENBFNQG A Ithey et 50elvsifIRzveRe RGBS Noo RL R2 RE Yiel d

(9 ethanol. The mixture was heated to a suitable
temperature for 1 hour and subsequently admixed at room
temperature with ether. The solution was analyzed by
gas chromatography. The products may be isolated by

10 distillation or column chromatography (silica gel,

hexane/ethyl acetate mixtures).

Q;} Examples 44 to 48
N2BF B(GH),
RN /g (Mes)PA(NQ) 4
\Q ' k/ EtOH, 50°C, 1h
R? R’
15
No. R! R? R’ Yield
(%)
44 H OMe H 93
45 H OMe CF; 96
46 H NEt, H , 95
47 H NEt, CHy | 89
48 H NO, i 94

General working procedure for ketone arylation:
20
In a pressure tube (obtainable, for example, from
Aldrich), under an argon atmosphere, 1 mmol of aryl
halide, 1 mmol of ketone, 1.5 mmol of base, a suitable
amount of carbene-Pd-olefin catalyst (1 mol%) and
25 100 mg of diethylene glycol di-n-butyl ether (as an
internal standard for the GC analysis) were added to
5 ml of toluene. The tube was sealed and sﬁSpended in a

preheated silicone oil bath. After 24 h, it was allowed



44 HOVe HO93 45 HOWe CF3 96 46 H NEt2 H 95 47 H NEt2 CH3 89 48 H N2 H
94 Gener al

of aryl

silicone oi
t enper at ur e.

wor ki ng procedure for ketone arylation: 20 In a pressure
(obt ai nabl e,

t ube

for exanple, from Aldrich) under an argon atnosphere, 1 ol
halide, 1 nmml of ketone, 1.5 nmol of base, a suitable anourf-§p-07
carbene-Pd-ol efin catalyst (1 M)1% and 2% 100 ng of diethylene glycol

di - n- but yl
to 5 nl of tbbuenel Tre tadre waspseatedeandheuspended ived spsebeated

ether (as an internal standard for the GC anal ysis) were

th, Aft i | owed 25-Jan-07 24 t |
The TS lr & b Wt BERBA PR o ROn L 2R e CFOFFER oY

added

to room

sol ution was d@aal yZehytogazplehr orfiteogpaphyctThempy odiect spaythe ispl at ed

by distillat} : r onat ap ilic xane/ et hyl
acetate mi xt u?gg)t.%%gg%%ﬁgsggg {Z%OJ%%{HCI %@fﬁoﬂ%%ﬂﬁi I\/b%)%&(ﬁO) (iega 04 ~.
T R NaQx Blj ol nenenegethyR ageRatg@0migtuResRz R3 R Tenp. Conversion Yield

(O (% (% 49 HHPh H 120 -100 86

10

15

20

25

Examples 49 to 54

]! R
R’\© o (IMes)Pd(NQ) 4 Q R3
' RE‘JJ\/R NaOtBu,toluene ) l P 6
; R

No. R R? Rr? R* Temp. Conversion Yield
(°c) (%) (%)

49 H I Ph H 120 100 86

50 H H Et Me 120 100 91

51 H Me Ph Ph 120 87 B4

52 H OMe Ph H 120 73 61

53 H CE, Ph Ph 100 95 89

54 F H Et Me 100 86 72

General procedure for the Buchwald-Hartwig amination:

In a pressure tube (obtainable, for example, from
Aldrich), under an argon atmosphere, 1 mmol of aryl
halide, 1.2 mmol of amine, 1.4 mmol of base, a suitable
amount of . carbene-Pd-olefin catalyst (1 mol%) and
100 mg of diethylene glycol di-n-butyl ether (as an
internal standard for the GC analysis) were added to
5 ml of toluene. The tube was sealed and suspended in a
preheated silicone oil bath. After 24 h, it was allowed
to cool to room temperature. The mixture was suspended
in ether, and the supernatant solution was analyzed by
gas chromatography. The products may be isolated by

distillation or <column chromatography (silica gel,



500 HHEt Me 120 100 912 51 H Me Ph Ph 120 87 84 52 H Owe Ph H 120 73 61
53 HCF3 Ph Ph 100 95 89 54 F HEt Me 100 86 72 CGeneral procedure for the
Buchwal d-Hartwig am nation: 15 In a pressure tube (obtainable, for exz5vpne)7
from Aldrich), under an argon atnosphere, 1 mmol of aryl halide, 1.2 mmol
of amine, 1.4 nmol of base, a suitablé Zandunt of carbene-Pd-ol efin catal yst
(1 mol9%9 and, 100 f diethylene glycol di-n-butyl ether (as an 20

i nt ernal staﬁ&&ta&erfy%rt%tyﬁe aééqym ﬁ‘?lg(s%/u%%sr)e' added to 5 nml of toluene. The
tube was seal ed and suspended in a preheated silicone oil bath. After 24 h,
it was allowed tocool to roomt erat ur The_m xture was suspended in
et her, and the supernatant sol ut?%%“%ggsaﬁzl E/%e@gnby 25 gas chromat ogr aphy.
The products may be isolated by distillation or colum chromat ography
(silica gel, 25-Jan-07 25 hexane/ethyl acetate m xtures). Exanples 55 to
60 0 RLR4 R/ H (:I|Nbs)Pd(NQ) 4 + NR3 R3"P," NaotBu,toluene 2 5 Ra R
No. RL R2 R3 R' Tenp. Conversion Yield (C%)%é@ébgs) 55 HOVR*Ph H 100 93

81 56 HHc-( 0 73 691 57 H Me e 77 74 5'H(§1M93nesityl H
120 64 62 59 H CF3 BU Bu LoNg4 78 60, e Fler 100 1 R
R? i
5
No. R! R? R’ R’ Temp. Conversion Yield
(°C) (%) (%)
<) 55 H COMe Ph H 100 93 81
56 H H c-(CHy) s 120 73 69
57 H Me Ph Me 120 77 74
58 H OMe mesityl H 120 64 62
59 H CFs Bu Bu 100 84 78
60 CN H Ph H 100 100 89




25-Jan-07 26 What is clained is: 1. Atransition netal conplex of the
formula (I) 5 L'-ML 2 (1) where Mis a nickel, palladiumor platinum
atom L' is a ligand having at | east one el ectron-deficient 10 ol efinj.c
doubl e bond and L2 is a nonodentate carbene Iigand of the forrmula (11) 5-Igp-07
(11'1)y R- R R 4RR f \ hN> NR4,28lIti RRR RR %5 (11) (111) 15 in
which the Rl and R2 radicals are each independently an al kyl radical
including a cYetealkyFlabde@als:an aryl radical or heteroaryl radical, each
of which may optionally be 20 substituted, and the R3 to R6 radicals are
each independently selected froma_hydrogen or hal ogen atom -NO2, -CN,
-O00H, -CHO, 1503H: Sp2ogtiles)aekyl, co @@1069§5ﬁk§pymum((m- C8) al kyl ,
-N( (Cl-C8)alkyl) 2, -NHCO (Cl-C4)al kyl, 25 -CF3, -COO (Cl-C8)alkyl, -CONH2,
-CO (d -gg) al kyl,  NHCOH, -NH CQO (Cl-C4)alkyl, -CO phenyl, -COO phenyl,
CH=CH CO2-( C1- C8) al kyl, -cCHEerRttdH, - P&Ephenyl )2, PQ((Cl-C8)al kyl) 2, an
optionally substituted al kyl radical, an optionally substituted aryl

radi cal, or an, 30 optionally substituted heteroaryl radical, or at |east
25-Jan-07 27'7€re

M is a nickel, palladium or platinum atom,
L' is a ligand having at least one electron-deficient
10 olefinic double bond and

17 is a monodentate carbene ligand of the formula (II)

or (III)
O
p 2
A 2 6 R2
R4 R RS RS R
NN N
X it
Ly -
2 i 4 [
RN RY LN |
R R
5 (1 (tn
15
in which
P the R! and R? radicals are each independently an alkyl
N . , . : :
s’ radical including a cycloalkyl radical, an aryl radical

or heterocaryl radical, each of which may optionally be
20 substituted,

and the R? to R® radicals are each independently

selected from a hydrogen or halogen atom, -NO;, -CN,
-COOH, -CHO, -SO0O3H, -S50,-~(C;-Cg)alkyl, -SO-(C;~Cg)alkyl,
~-NH-(C1-Cg)alkyl, ~N((C;-Cg)alkyl),, —NHCO-(C;~Cs)alkyl,
25 -CFs, ~C00-(C1-Cg)alkyl, ~CONH,, -CO-(C;~Cg) alkyl,
-NHCOH, -NH-COO-(C;-C4)alkyl, ~-CO-phenyl, -COO-phenyl,
-CH=CH-CO,~ (C;~Cg)alkyl, —CH=CHCO3H, -PO (phenyl) s,

-PO((C1—-Cg)alkyl)a, an optionally substituted alkyl
radical, an optionally substituted aryl radical, or an

30 optionally substituted hetercaryl radical, or at least



two of the R3 to R6 radicals together with the carbon atoms to which they
are bonded forma 4- to 12-nenbered ring. 5 2. Atransition netal conplex
as claimed in claiml where Mis Pd. 3. Atransition netal conplex ass.jan-07
claimed in claim1l or 2 where the electron-deficient olefinic double bond
10 in L1 bears at |east one el ectron-wi thbrawi ng substituent selected froma
cyano group, an aldehyde _group, ;a ketyl radical, a carboxylic acid group, a
carboxylic est'® Pgdi%‘ﬁ ,ReaFPoRanFadiFadiscdioBther stibsti tifedC2EPBBXam de
radi cal . 15 4cdmainsstienchretakycampl exnasdcli@imed in ae Of -nahgdpsgl to 3
where L1 is selected fromconpounds of the fornmulae (1V), (V) or (M) 0 o
Ri ORg RIF'™W-"8 Rlz RaRg Rl4 RO Ro RI30 a., (IV) (VW (M) 20 in
which R7 is selected from-CN, -COY., -CORl5, -000H, -COOR1', -CONHRLS, and
- CONR15R16, er eﬁlg gpld.I§16 are each 25 i ndepen en.tl%/gga.hydro en atom a
Cl- C6 al kyl radical of *"E2-E8 al'ke FREPLER, S&nd RBRY ARd Tre each

i ndependent | ywisstededsfPdm a hydrogen atom a Cl-C8 al kyl radical, a C -Cs
al kenyl radical, a hal ogen atom a hydroxyl group, -CN, -CCH, 30 -COR15,

- COON, -COCR15, -CONHR15 and - CONR15R15, where R15 and R "6 are each as
defi ned above3. 25-Hahr@8fsition metal complex as claimed in claim 1

or 2 where the electron-deficient olefinic double bond
10 in L' ©bears at least one electron-withdrawing
substituent selected from a cyano group, an aldehyde

group, a  ketyl radical, a carboxylic acid group, a

AN . carboxylic ester radical, carboxamide radical or N-
i |
s substituted carboxamide radical.
15
4. Transition metal complex as claimed in one of
claims 1 to 3 where L' is selected from compounds of
the formulae (IV), (V) or (VI)
Ci 0
R11 /O R11 R13
R+ Rg l ‘
/ R
 E—— 12 R14 R12 R14
R4 Rig Ris o]
»
) (V) V) (Vi)
20
in which

R’ is selected from -CN, -COH, =~COR'®, -COOH, =COOR',

~CONHR'®, and -CONRYR!®, where R'® and R' are each
25 independently a hydrogen atom, a C1-Cg¢ alkyl radical or

C,-Cg alkenyl radical, and

R®, R’ and R!® are each independently selected from a

hydrogen atom, a C;-Cs alkyl radical, a C;-Cs alkenyl

radical, a halogen atom, a hydroxyl group, -CN, =-COH,
30 -COR', -COOH, -COOR'®, -CONHR' and -CONR“R'®, where R

and R'® are each as defined above,



- 28 or two suitable R7, R8, R9, R10, R15 and R16 radicals together with
the atons to which they are bonded forma 5- to 8-nenbered ring, Rl11 R z
R13 and R14 are each independently selected from 5 a hydrogen atom a5-Gh-&8
al kyl radical, a halogen atom or -CN_ g in each case two of the R11 to R a
substituents together with the atons to which they are bonded forma 5- to
8- menber ed ring. iR dd@nsktionsmetal conpl exsas, cl apmed _iLn.one of
clains 1 to 2frilwhtevr%% %fllésagsle e%t’ed@ffonfécryl fce%llci ,HC! a(%:{ryl f%gég?gfss,

acryl oni tril §cgmethkacmiltihc tae ditomretiacryidic Esterare nevhaedyfonimt i | e,

benzoqui noneg_21 smathylR-Renzqqui none, 2, 5-di net hyl - p- benzoqui none, 15
2, 3-di chl oro- 5, 6- di,cyano- p- benzo Ui none, napht ho- qui none, anthraqui none,
mal ei ¢ anhydRi de,Rmal Biniddel R npdeg ceaelh dindeprendeest érseleanadi Erami d,

fumaric estargy n satds, of thecgagbpyyl ibgqachds nenioned, 20by
tetracyanoethené. 20 6. A transition netal conplex as clained in ong of
clains 1 to STwhefd/L29% sdl e@3FH f rom?d, 3tHPs(2f4, e R to R

tri met hyl phesybkicadazels mdddens, ichbtsé2a6ons to which they are

di met hyl phen%l )im d%zol i nylidene, 1, 3-bi s(dl- adamantyl) 25 i m dazolinylidene,
1, 3- bi s(t er t PRASEA) FAFGaFolPin oy Bigeqpered ring.

1, 3-bi s(cycl ohexyl )i m dazol i nylidene, 1,3- kw bis(o-tolyl)imdazolinylidene,

L% 2o o omr ol e et nyphonyL i darol by dene and gy 3 Bis(2. o
trimet hyl pheryk)i4s5-1di bydroiwniadazoli ny$ i dehect2d3-fhicer acrylic acid,
(2,8 9Lt LIONI). s Sy oL ILGREaL b NG gartainic  scia,
tert-butyl)-aebhdichydrioi rfisdezsi mgtilveney ldnBehike, benzoquinone, 2-
&wj methyl-p-benzoquinone, 2,5-dimethyl-p-benzoquinone,
15 2,3-dichloro-5, 6-dicyano-p-benzoguinone, naphtho-
guinone, anthraquinone, maleic anhydride, maleimide,
maleic acid, maleic esters, fumaric acid, fumaric
esters, metal salts of the carboxylic acids mentioned,
or tetracyanoethene.
20
6. A transition metal complex as claimed in one of
claims 1 to 5 where L? is selected from 1,3-bis(2,4,6-
trimethylphenyl)imidazolinylidene, 1,3-bis (2,6~
dimethylphenyl)imidazolinylidene, 1,3-bis(l-adamantyl)-
25 imidazolinylidene, 1l,3-bis(tert-butyl)imidazolin-
ylidene, 1,3-bis (cyclohexyl) imidazolinylidene, 1,3-

bis(o-tolyl)imidazolinylidene, 1,3-bis(2,6-diisopropyl-
4-methylphenyl)imidazolinylidene and
. 1,3-bis(2,6-
30 diisopropylphenyl)imidazolinylidene, 1,3-bis (2,4, 6~
trimethylphenyl) 4, 5-dihydroimidazolinylidene, 1,3-bis-
(2,6-dimethylphenyl) -4, 5-dihydroimidazolinylidene, 1,3-
bis (l-adamantyl)-4,5-dihydroimidazolinylidene, 1,3-bis-
tert-butyl) -4, 5-dihydroimidazolinylidene, 1,3-bis-
35 (cyclohexyl)-4,5-dihydroimidazolinylidene, 1,3-bis(o-
tolyl)-4,5-dihydroimidazolinylidene, 1,3-bis (2,6~
diisopropyl-4-methylphenyl)-4,5-dihydroimidazolin-
ylidene and 1,3-bis(2,6-diisopropylphenyl)-4,5-dihydro-

imidazolinylidene.



35 (cycl (Dhexyl) -4, 5-di hydroi m dazol i nyl i dene, 1, 3-bis(o-

tol yl)-4,5-di hydroi m dazol i nylidene, 1, 3-bis(2,6-

di i sopropyl - 4- net hyl phenyl ) -4, 5- di hydr oi m dazol i n- ylidene and 25-Jan-07
1, 3-bis(2, 6-diisopropyl phenyl) -4, 5-di hy - imdazolinylidene. 25-Jan-07 29
7. Atransition netal conplex of the following structure (la) or (Ib)

L2-ML1-ML255 (I ).tﬁ%né-gﬁfolimM 53 .JCOOF&]I}%)X Wnéa{:g Itlh’e L2fo d M are each

i ndependently as defined 1n one of clains 0 6, W th the provi‘sd'? hat the
bridging L1 regdivsdiuliss Gledlected(Im such a way that it 15 has a further
coordination site for an Ni, Pt or Pd atom 8. A process for preparing a
transition netal conpl.ex s claimed in one of clainms 1 to 7, conprising the
20 contacting of theli¥ahd-¥2Llwith a metal conpl ex which contains the
fragnent E1-M and an additional |igand which can be displaced readily by
the ligand L2, where L1, Mand L2 are each as defined in clains 1 to 7. 25
9. The use of a transit(i%’r‘? nmetal conplex as clained in one of clains 1 to 7
in the honbgeneous catalysis of an organic reaction. 10. The use as cl ai ned

inclaim9, wherein the orLganic 30 reaction is selected fromol efinations,
aryl ations, al kyl ati ops, ~keto aryl ations, am nations, etherifications,

thiolizations, silkytdt ons/Mdar bonyl ati ons, cyanations or al kynyl ati ons of
aryl - X L'

10 (Ib)

<;>~ where L', L? and M are each independently as defined in
one of claims 1 to 6, with the proviso that the

bridging L' radical is selected in such a way that it

15 has a further coordination site for an Ni, Pt or Pd

atom.

8. A process for preparing a transition metal complex
as claimed in one of claims 1 to 7, comprising the
20 contacting of the ligand 1?2 with a metal complex which
contains the fragment L'-M and an additional ligand
which can be displaced readily by the ligand L2, where
.}, M and 1? are each as defined in claims 1 to 7.
e 25 9. The use of a transition metal complex as claimed
in one of claims 1 to 7 in the homogeneous catalysis of

an organic reaction.

10. The use as claimed inclaim 9, wherein the organic
30 reaction 1is selected from olefinations, arylations,
alkylations, ketone arylations, aminations,
etherifications, thiolizations, silylations,
carbonylations, cyanations or alkynylations of aryl-X
compounds or vinyl-X compounds, where X 1s a leaving
35 group, or of olefinic compounds, or from
hydrosilylations of olefins or alkynes or ketones,

carbonylations of olefins, di- and oligomerizations of



conmpounds or vinyl-X conmpounds, where X is a |eaving 35 group, or of

ol efinic conpounds, or from hydrosilylations of olefins or al kynes or

ket ones, carbonyl ations of olefins, di- and oligonerizations of 25-2araf07
- 30 olefins, telonerization of dienes;gr_cross-couplings wth
organonetal lic reagents and other transition netal-catalyzed coupling
reactions. “Slefins, telomerization of dienes or cross—-couplings
with organometallic reagents and other transition

metal-catalyzed coupling reactions.



