Novel nickel-, palladium and platinumcarbene conplexes, their
preparation and use in catalytic reactions 5 The present invention

rel ates to novel nickel-, palladium and platinumcarbene conpl exes, and
to their preparation and use in catalytic reactions. 10 Mre than 800 of
the industrially produced chemcals are prepared by catalytic processes.
Catalytic processes are generally nore economcally viable and
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car bonyl ation), am nes Har t W reacti on. ‘
environmentally friendly than corresponding
stoichiometric organic reactions. The  homogeneous

15 catalysts used, in addition to acids and bases, are in
particular complexes of the noble metals. Nickel,
palladium and platinum complexes alsoc find use as
homogeneous catalysts in numerous industrial processes
and in organic synthesis on the laboratory scale. An

20 important example is the utilization of aryl-X
compounds (X = halogen, OTf, N,", OMs, C(O)Cl etc.).
Especially bromo- and chlorcaromatics 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 olefinations, alkynylations,
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recent catalyst systems 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. Chem.
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, inexpensive chlorocaromatics 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) below
1,000 h™. Thus, for the achievement of high vyields,
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, carbeonylation,

olefination, etc., of chlorocaromatics have become known



catal ysts. The catal yst productivities (expressed as TON) for the
reactions nentioned are typically below 10,000, and the turnover
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range. The Geanlexes SPOYtdnum 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 1is 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
temperature and pressure range. The complexes should
also be preparable with an acceptable level 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 is achieved by
novel nickel, palladium and platinum complexes of the
35 formula (I)

L'-M-1.? (1)

where



al so be preparable wth an acceptable |level of conplexity and expense
fromavail able starting conpounds, and present no problems in their
handl i ng 30 which m ght be an obstacle to their use in industrial
processes. According to the invention, 4this object is achieved by novel
ni ckel, palladi um an Iatl | exes, of, the 35 formul a (1) L1I-ML2
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in which 1(5311%1% dg%fr Ciaaf%é are each i ndependently an al kyl
radi cal ind uchsnga am@ytudieatkye cadbeak, lagaadylof athealforanlhet@mar yl
radi cal g eagh ofymhich may optionally be substituted, 15 and the R3 to
R6 radicals are each independently selected froma hydr ogen or hal ogen
atom -NO2, -CN, -COOH, -CHO -SO3H, -S02- (C1-C8) alkyl, -SO (Ci1-C8)
al kyl, --NH (C1-C8) alkyl, -N( (Ci1-C8) alkyl) 2, -NHCO (Cl-C4) alkyl,
-CF3r -COO (C1-C8) alkyl, -CONH2 , -CO (Ci1-C8) al Kkyl, 20 - NHCOH,
-NH COO (C1-C4) al kyl, -CQpheRyI - COO- phenyl, gr&d @ECH- cCe- (C1-C8)
al kyl, -CHE CHOCRH, - PO nyd ) 2, -PQ(CL albyl )2, an optionally
substituted al kyl radical, trﬁ‘ppt ionally substlyﬁ}od aryl radical, or

t

an optionally substitut ed rdaryl radical, | east 25 two of the
R3toR6rad|caIstogetth Wi the carbon R R3
R R

(11) (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, -S03H, -50:;-(Ci~Cg)alkyl, =-S0O-{(C;-Cg)alkyl,
-NH-(C1-Cg) alkyl, -=N{({Ci-Cs)alkyl),, -NHCO-(C;-Cs)alkyl,

—CF3, -CO0- (Cl—Ca) alkyl, -CONH-», -CO- (CI—CB) alkyl,
20 -NHCOH, -NH-COO-(C;-Cy)alkyl, -CO-phenyl, -COO-phenyl,
-CH=CH-COz- (C;-Cg)alkyl, -CH=CHCO;H, -PC (phenyl),,

-PO{{C1-Cs)alkyl),, an optionally substituted alkyl
radical, an optionally substituted aryl radical, or an
optionally substituted heterocaryl 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, iso-



atons to which they are bonded forma ring. Unless specifically stated

ot herwi se, an alkyl radical in the context of the present invention has
preferably 30 1 to 18, nore preferably 1 to 12 and nost preferably 1 to
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substitute adi ca rs on btltuen i ch_may
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-0HO, : SOBH, O o) PR (C Esié) % gi)kﬁ N 2((C1l-C8) al kyl) 2,

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-{C1-Cg)alkyl, -0CO-(C;-

Cg)alkyl, -O-phenyl, -phenyl, -{(C¢-Cis)aryl, a halogen

atom, -OH, -NO, -Si{(Ci1-Cg)alkyl)s;, -CF3, -CN, -COOH,

-CHO, -SOsH, =-NHp, -NH-(Ci-Cgs)alkyl, =-N-((C;-Cg)lalkyl},,

30 -P{(Ci-Cg)alkyl)y, -S03-(C1~Cs)alkyl, =-S0;-(C1-Cg)alkyl,

-850~ (C1-C¢)alkyl, -CF3, =-NHCO-(C;-C4)alkyl, -COO-(C;-Cg)-

alkyl, -CONH;, -CO-(C1-Cg)alkyl, ~NHCOCH, -NHCOO- (C4-

Cs)alkyl, -CO-phenyl, -COO-phenyl, =CO00- {C4-Cqip)aryl, -

-{C¢-Ci0)aryl, -CH=CH-CO,-(C;-Cg)alkyl, -CH=CHCO,H, -

35 P{phenyl) s, -P{(Ci-Cg)alkyl),, -PO (phenyl),, -PO((Cy1-
Cqdalkyl),, -PO3Hz and =-PO(0O-(C;-Cg)alkyl)..

An aryl radical may bear preferably up to 8, more
preferably 1, 2, 3, 4 or 5, identical or different



30 -P ( (C1-C8) alkyl) 2, -S®- (Cl-c4) alkyl, -s@- (Ci-C6) alkyl, -SO
(C1-C6) alkyl, -CF3r -NHCO- (Cl1-C4) al kyl, -COO (C1-C8) - alkyl,
-CONH2, -CO (C1-CB8) alkyl, -NHCOH, -NHCOO (Ci1- C4) alkyl, -CO phenyl,

- COO phenyl, -COO- (Co6-C10) aryl, - ooP (C6-C10) aryl, -CH=CH C02-
(C1-cB) al ksyl Cr:ll-{COZH 35 P(phenyl)2, -P ((Cl-C8) alkyl) 2, -PO
(phenyl) 2, hl‘chJ( T4)al kyl) 2i -P03H2 and - PO (0- (Cl-06) alkyl) 2.
An aryl r adi cal may bear preferably up to 8, nore prefferablly 1, 2, 3 4
or 5, ident r bst | ts nle speci fi te
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(Cl-C4) a'@ﬂbstﬁgaénﬂéﬂwﬂ¥9hEﬁ*&'eachcghhgﬁengghtigisgﬁ %%hykg NHCCH

- NHCOO- ( Cl- CO phenyl ;. -
- CO (ce(cm() thy Ca}@fkylm:d# éﬁzﬁggéﬂlﬁé)r al8f enal ﬁf@%@i@@g P(-@heny|)2

-P ( (Cl- g&)heaiwf: ) —%hen@fﬂ.phewls%@m yaP@L( (G- %l)l@d&yl )atf%err; ab r@%gga?ncli
-PO B 1 etero ical _ma re ,
( }15( Z'dg caq1 SF’Z%I]rﬁJ;Pent stlcﬁﬁentg O&ﬁr?ﬁé’p 8/

—NH2, —NH (C}_ Cg)alkyl -N-( (C]_ Ce) alkyl)g, P( (Cl—
Ca)alle)z, —SO3—(C1—C4)alkyl, -SOQ—(Cl—Cs)alkyl, "SO—(C]_—
Ce¢dalkyl, -CF3, -NHCO-(C;-Cq)alkyl, -COO-(Ci-Cg)alkyl,

-CONHz, -CO-(C1-Cg)alkyl, =-NHCOH, -NHCOO-(C,-C4)alkyl,

20 -CO-phenyl, -COO-phenyl, -COO-(Cg-Cig)aryl, -CO-(Cg-Ciq)-
aryl, -CH=CH-CO,-(C;-Cg)alkyl, -CH=CHCO,H, -P(phenvyl),,
-P((C1-Cg)alkyl)a, -PO(phenyl),, -PO({C1-Cy)alkyl),,
-PO3H> and -PO(0O-(C:-Cg¢)alkyl),.

25 A hetercaryl radical may preferably bear 1, 2, 3, 4 or
5 identical or different substituents. Further
aromatic, heteroaromatic or/and aliphatic rings may

also be fused onto the heterocaryl 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-(Ci-
Cg)alkyl-, -0-CO-(C;-Cg)alkyl, -Ophenyl, -phenyl, -Cl,
-F, -OH, -CN, -COOH, =-N((C;-Cg)alkyl),, -CF3, and -COO-
(Ci-Cq)alkyl, an aryl radical, optionally substituted by



aromatic, heteroaromatic or/and aliphatic rings may also be fused onto
the heteroaryl radical. 30 The hal ogen atons which find use in the
context of the present invention are Ereferably chlorine or fluorine
atonms. Preferred RL and R2 radicals areée an alkyl radical, 35 including a
cycl oal kyl radical, o tionally substltuted by one or nore substituents
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radical |rﬂﬂaphenykﬂzcyahdaF@yHcEaUgGﬂnqdqgtlonalIy substituted by one
or noreyphenyl groups, and an aryl radical optionally substituted by one
or nore alkyl 15 radicals. Preferred R and R2 radicals are al so

steri cal | y Pagdrievdiaky v upse f e ueed s RS ushda®’ cyeldsalayd  ameli eal sldwyl aryl

radi cal s, paydilcGul ar lh Aneiield ed aryl.1r %q|9§|5r%gl%%ﬁng B?%qynaﬁ%gicals

whi ch bear one, two or three ™ substituents, for the
and/ or par &UH5dititEe T%p@&?dq%/Tﬁ%ﬁe?héﬁyplgéﬁﬁpﬁzrﬁﬁﬂcahsaawé

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, twc 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, l-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, -COCH,
-5S03H, -NH-{(C;-Cg)alkyl, -N((Cy-Cg)alkyl)z, -NHCO-(C;-C4)-
30 alkyl, -CF;, -COO-(C;-Cg)alkyl, -CO-(C;-Cg)alkyl, -PO-
(phenyl)., -PO((C;-Cg)alkyl),, an optionally substituted
(C1-Cg)alkyl radical, an optionally substituted (Ce-Ciq)-
aryl radical, and an optionally substituted five-, six-
or seven-membered hetercaryl radical, or at least two
35 of the R® to R® radicals together with the carbon atoms
to which they are bonded 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



2,4,6-trinmethyl phenyl, 2,6-dinethyl phenyl, 1-adamantyl, tert-butyl,

cycl ohexyl, o-tolyl, 2,6-diisopropyl-4- 25 nmethyl phenyl and

2, 6-di i sopropyl phenyl groups. Preferred R3 to R6 radicals are each

i ndependently selected froma hydrogef atom -F, -d, -CN, -COOH,

-S03H, -NH h(ygé_@%% al kyl , - (C1-C0) alkyl) 2i -NHCO (Cl-C4) 30

al kyl | FHLCEOGT IR G T af kP le oo (BaeC8Rsal Rl 2@ PROLigHanly) 2,

- PO ((Cl- Chredidetgd 2, erdsvdipidranaldy st idadtegie (Chida8)a aldey! dhadi cal ,
an optional stjtut ed,{ C6- -_aryl radical., and an optiopally
subst it ut edéc%lrlr[;ﬁ/l;i-, esfllij’ SPF g%\??%n@ﬁgek’gdlﬂgpg%ﬁiyla”%aaﬁecﬁy,dré’lge&t | east
two 35 of tdferR3 e ®bkyhdiredlisallegetlmertha tdnddeotanbparatiem® artlg whi ch
they are bended Q. TaE ered, referably a.five-, six-_or
seven-nenbéred, ri r(lign %n%egd;zli gul ar Io?dprte}%er rcgti%%g%t olﬁ?a%addi Sal stg‘ree a
hydrogen dtdfUdd/ o 1dn -al Ryl apgdi Bad |, angl pBiticewd aR°a metdly| formet hyl
group. For iedarileal | npdhes faseaeh a iRRIddeHEA 1Y pé@i@&ﬁ%& eg‘}% | ment
of the carbheng ligand of the fq{ﬁl%é,ll), R3 and R4 may be identi cal
and be hydrof @r?geg’t 5 A% AL it €3Sy the case of a particularly 5
preferred enbodi nent of the carbene ligand of the formula (I11), R4 and

R5, angdyR3 and , farm_. ideptical pairs,,.each i ndependentl
sel ect &4 frlg]m t ydr(g%%% acf%(r)lnéchéendﬁal (Iic)?I adir€g11§.a(if0 | R@ ﬁécélééé{é’f t he
R3 to R6 r&diedgryedoar sukst drignt pr efodr r ethsubsilkydentsadfcdhe alikyl

di cal D7 (GL | Kyl Q- GO £ GL- | kyl, -0-
ol a1 acisehae s fgom b Ly Bgliolecc0: 0 AL 1 U
(Cl-C8) al P&e,nyim (FEERG), atkey!JCh, NHDO -C¥4- CAPOHL5 -HOy| - SWGH3,

- COO- ((C1- CBH, Al kylH- ¢ NHEQRHa 1k MHIOOO- N ( G3:-4@4) a1 x@hkyl . ni&dphed, ) - C00-

D o e hr s, P, Gl 2L oo SO et o ™
alkyl, -CO-phenyl, -COO-phenyl, -PO(phenyl),, and -PO-
(Ci-Cq)alkyl),. Particularly preferred substituents of
the aryl radical are selected from -({C1-Cy)alkyl, -0O-
(C1-Cy)alkyl, -({Cs~Ciplaryl, -0CO-(C1-Cy)alkyl, -0-

20 phenyl, -phenyl, -F, -Cl, -OH, -CF;, -CN, —-COQOH, -S503H,
-NHz, =-NH-(C1-Cgs}alkyl, -N((C,;~Cg)alkyly, -NHCO-{C;-C4)-
alkyl, -CO0-(C1—-Cg)alkyl, -CONH;, -CO-(C;-Cg) alkyl,
-NHCOH, -NHCOO-(C;-C4}alkyl, -CO-phenyl, -COO-phenyl,
-CO0~ (Cg—Cyo)aryl, -CO-(Cg-Ciolaryl, -P{phenyl),, -P{(C;-

25 Cg)alkyl),, -PO(phenyl},, -PO((Cy-Cy)alkyl),, -PO3H,, and
-PO{0-(C1-Cg)alkyl},. Particularly preferred
substituents of the heterocaryl radical are each
independently selected from -({Ci-Cglalkyl, -0-{(Ci-Cg)-
alkyl, -0CO-(C;-Cg)alkyl, =-O-phenyl, -phenyl, -F, -C1,

30 -O0H, -CF3;, -CN, -COOH, -S03H, -NH,, ~NH-{C1-Cg)alkyl,
-N{{Ci-Cg)alkyl)z, -NHCO-(C;-Cq)alkyl, -C00-{Cy-Cg)alkyl,
-CONHz, -CO-(C;-Cg)alkyl, -NHCOH, -NHCOO-(C;-Cq)alkyl,
-CO0-(Ce-Cyp)aryl, -CO-(Cg-Cyo)aryl, -P(phenyl):, -P{{C,-
Cslalkyl)z, =-PO(phenyl),, -PO((C;-Cy)alkyl),, -POsH,, and

35 -PO(0O-(C;-Ce)alkyl),.

Particularly preferred ligands L? are the following
carbenes: 1,3-bis{2,4,6-
trimethylphenyl)imidazolinylidene, 1,3-bis{2,6-



(C1-c8) alkyl, - (C6-C1O aryl, -0CO (C1-C8) alkyl, -0 20 phenyl,
-phenyl, -F, -d, -OH, -CF3, -CN, -COOH, - SMH, -NH2, -NH (Cl-CB8)
al kyl, -N ((C1-C8) al kyl 2, -NHCO (Cl-C4) - al kyl, -COO (Ci1-C8) alkyl,
-CONH2, -CO- (CI-C8) alkyl, -NHCOH, ~—-RHCOO (Cl- C4) aI kyl , -CO phenyl,

- h |, - C6-.Cl 0). C6- C10 ) -P(phenyl) 2, -P
(%g5eg)d%$ﬁ@eﬁﬁaﬁwﬁ@wwﬂm &4y §|1W|1)-a amanggdby, and
- PQ( 0- ( Cl1- Ga)icdodldny2lidRard,i cul ar | y 1pBebesr eértsbbiiﬂlt)u@ﬁfcﬁz%flﬁhe

T T e e o (e, (5w

-OH, - tedoH,) imigegiel ingdiderdH L CB-08) (&l |6y|d,llS-O|N(rO@3@IL—C8) al
e Al yl

i(qC/:ll) (ﬁ) Sa:\IEC@( t(l'%lﬁn}al) ¥l dazolqg%ll(o%]r'em) aarb% (]36 BC%gwér'yl ]

( C6- C10) ar%%ls SRR L) lrﬂ(lct@lewlaﬂ 9 2i -P@( ghbayl (224, 5PO(

(Cl1-c4) al llqdl)me&,hylm;ﬂﬂz_,nl ﬁm,(tf c%&yﬂ@ﬁﬂdéﬂll@ll@léﬂ%é% 2(1é|32'b%sQU| arly
f d t he fo Wi ar benes - ,
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di met hyl phériyd ()]J-mCUmmitlt_;ﬂy)lﬂh@@ilhyﬁr&lmls:galzca]sliamr%clkt%%ne1 3- blgl-s(
d IS azal j n-

I(:;]/10| gﬁgg;r%e‘nﬁggﬂlﬁdyﬁ e_%fe%wfh% Lilrb a% (ﬂy rﬂ dazol i nyl’ll’é ﬁé

1, 3-bi s(2, GQYdihoék@awdﬁw4r§—mfmdnmmh5ﬂqﬁ¢ényiy)lldene, 1,3-bis{

4, 5-di hydr g@ign qu 1544 |thﬁ% mlid%ﬁlsi d 1,3-b 2, 6-
(2 6- di net hyl B%Zn I ) JL5 dih ldr0| m daznglilnfnledene 1,3 isd

4- et hyl ph |S)Cﬁprﬁ°@é{£m4rﬁgﬂqhdfelrpéleaw&ﬂ - His{ihweiroimidazolin-
di i sopr Opylyﬂhe{@yﬂe) iamiddaz pBPyki( Qeeem1s§p9b§g2p14eﬁy1m§(% dihydro-

?gﬁ'[m% )lmi%@dzéﬁ “&ﬂ&a%%%;gu P%;: ?ggﬁe 1, 3-bis- (cycl ohexyl)-4,5-
di hydr oi m dazol i nyl i dene, 1, 3-bi s(o-
The preferred central metal in the inventive complexes
is a metal in the 0 oxidation state. Palladium is
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 is 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, carboxylic acid groups,
carboxylic ester radicals, carboxamide radicals, or N-
substituted carboxamide radicals.

35 Compounds of the formula L} may have one or more,
preferably one or two, electron-deficient olefinic
double bonds. Particular preference i1s given to those
compounds which do not contain any further olefinic

double bonds apart from the electron-deficient olefinic



tolyl)-4,5 -di hydroi m dazolinylidene, 1, 3-bis (2, 6-

di i sopropyl - 4- net hyl phenyl ) - 4, 5-di hydr oi m dazolin- ylidene and 1, 3-bis
(2, 6-diisopropyl phenyl) -4, 5-dihydro- 15 im dazolinylidene. The
preferred central netal in the inventid\® Tonplexes is a metal in the 0
oxidation state. Palladiumis especially preferred. 20 Ligands havi ng at
| east one e#Ochtf reonk20 cﬂjsc)i ent olefinic double bond L1 are

el ectron-deficient ol efins which bear electron-w thdrawi ng substituents
on the dou hond. ral ly sujtable for this purpose are 25,

subst i tuenfgsp%m%l%gle epg%?r%(%%éé:)aéti v#%y iggvgegleat 4 th%?{gp?% S of Wg‘lr%r ogen
subst i t uentCoOBHpRNfds tef e cemtmalla hetady dtave bge,etawtlyhroee or
four of st hege cted Bt I AW S it th ouh| aond.
Preferred el ectron-w thdr a%éﬁg%%% iﬂtj%&zérll't sTl}gggeéc@gX() §8qgr%ﬁlp§q§r’
car bonyl rdfi cEPEPOPBHSexiiitR Aagenyesachtvupsie kdppbleadieoads, or

car boxyl i c edaied gomppandscaitmsey/| kerastarel adisal %xaﬁ@&@oxémfﬁ& radi cal s,
or N substsj,'tte tiecd car boxaédpde radi cal s, ,35 Compounds of the fornula L1
may have one Or s, Prereritiy e St PARGRCE! ecCRsH- dERitci @Al ef i ni ¢
doubl e bondsmuPdrarniecuisarcqred Bienoen | 6f givves ttharnosee @oerpoENesnwhi ch do

not copgai p Anynd ur r | ni do Qnds apart fromthe
el ectron- defi g?lent or of |Iﬁ%€£i f%omdoﬂg ggrtlz &) .l%pgg‘iealci)sr%'f ef@fce is
given to cGHFERIE@s wficth @uicradiemt evhich heavent thiis nesal paederbydexact |y

one 5 el eclemRudalend ¥ tgRUDIQHERD. 1 These may, for exanple, be
conpounds whi ch have exactly orie doubl e bond, or else conpounds whose

structure, for exanple owing to
Particularly preferred ligands L' in the context of the

15 present invention are illustrated by the following
formulae (IV), (V) and (VI).

0 0
Ry o Ryq Ris
Ry Rg
% ¥ Ry Rqs Ry
R9 R10 R13 s}
5
(V) v} (Vi)

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

25 hydrogen atom, a C;-Cg alkyl radical, a C2=Cg alkenyl
radical, a halogen atom, a hydroxyl group, -CN, -COH,
~COR'®, -COOH, -COOR', -CONHR'® and -CONR!R!®, where R!®
and R'® are each as defined above. Two suitable R’, RS,

R®, R', RY and R! radicals may optionally form, for

30 example by condensation of functional groups present



steric or conformational hindrance, does not allow sinultaneous

coordi nati on of nore than one double bond 10 to the sane netal atom The
latter is the case, for exanple, for quinones which are thus a preferred
enbodi nent of the Ilgands L. Particdl ar y preferred ligands L' in the
context of the c'presew% |nvent|o are illustrated hy the follow ng

f or nul ae (I'-\I/.)ere(l\ﬂ erﬁﬁ%tSO o°1h PorREFE CPYIDaRy GtOmseRact ed
from-CN, sio@He OGCRQEPbleCIm}ﬁdSﬂXlﬂ@ﬁhthdﬁ]VHBtﬁ thad at&ENRERR16,

where R15 gpg; K16 e _eac ]_mi?ecpen ent |y Y gtom Cl al kyl
radi cal or C2 C% %rll a% hb ca a%d%RB t%@aﬁ%ﬁ% re &4 b%
i ndependently %l %ﬁf“'éﬁpfﬂ?%@n aring Wyu@bg@ﬁyapﬁﬁfeaaﬁly%ealaMmartaah cal, a

C2- C8 akke arla,ﬂ_L dlao Hoen atom a hydroxyl group, -CN, -COH,
--COR1 -M g pa ghn?ACO\IHR15 and -C ONR15R16, where R15 and R16

are each as defi ned above. Two suitable R, R8, R9, R10, R15 and R16
radi cal s mereffErimml IR f ol fROf 30 @xedpd e gqye ccyg:i@tqjs@}d o fm  a
functi onal r t - 11 ejn_or nt _of _one qr nore
term nal atons erpsi%?fg e?8 didhb?gi‘ i)nﬁé‘dlf% et (F;FgTe wiHhYEhéagiteRd t o
whi ch t hey barse hotheled; mr&fereb8ynméniter e, mormef epabdiyralbiyol Gonanber ed,
ring wphch Jmy 4 efiefably be aromatic 5 or partly hydrogenat ed.

Preferred R15 and R16 radicals are selected froma hydrogen atom and an
al kyl radical. The alkyl radical has 1 to 8, preferably 1 to 6, nore

preferably th tehd, fotRutaebaw)atans. ()t hg:f or gud a%I@V)anﬁngal(“VE)re’ R11,
R12, R13 and R14 are C?ch mdegendentl sel ected from a rogen atom a
Cl- . ach lndependently selected from a hydrogen atom, a Ci-
Cs alkyl radical, a halogen atom or -CN, or in each
15 <case two of the R' to R! 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.

20 Preferred R', RY, 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 R' and RY are hydrogen atoms, in which case

25 RY™ 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,

30 methacrylic esters, methacrylonitrile, benzoquinone, 2-
methyl-p-benzoquinone, 2,5-dimethyl-p-benzoquinone,
2,3-dichloro-5, 6-dicyano-p-benzogquinone, naphtho-
quinone, anthraquinone, maleic anhydride, maleimide,
maleic acid, maleic esters, fumaric acid, fumaric

35 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



C8 al kyl radical, a halogen atomor -CN, or in each 15 case two of the
R11 to R 14 substituents together with the atons to which they are
bonded forma 5- to 8- nenbered, preferably 5- or 6-nmenbered, ring which
may preferably be aromatic or partly drogenated. 20 Preferred Rll

R12, R13 a dlca dro 0 and al k .cal s.

al kyl radi gcdcfﬁ% h,lcgpre% ef ab gjm_nLe(t:% gs éfe Prt“’ol 4

car bon atdmmCﬂ%nnakxﬂmfoprEMGrémgendsLblvEneyohahe ¢a&eﬂdtﬂowﬂﬁgleast
R11 and R1Za¥r & diydt ogen ag . whi ch case 25 R13 and R14 are |ikew se
hydrogen atons or al kyl dICéES or forma 6-nenbered aromatic ring.
Particularly preferred Ilgands L1 are acrylic acid, acrylic esters,
acryl ongtrifl“em-methactylic acid, 30 nethacrylic esters,

nmet hacrylonitrile, benzoquinone, 2- nethyl-p-benzoqui none,

2, 5-di net hyl - p- benzoqui none, 2, 3-di chl oro-5, 6-di cyano- p- benzoqui none,
napht ho- qui nonegajant hraqui none, nmaleic anhydride, nmaleimde, naleic
acid, maleic esters, fumaric acid, fumaric 35 esters, netal salts of the
carboxyllc acids nenti ned or tetracyanoethene. In addition to

conpl exes of the for the present invention also provides diners
of these - 12 5. Iex |ch are connected via an additional

functionality of the i and L1. They have the following structure (la)
and (I1b): L2-ML1-ML2 (la) 2 10 (Ib)

10
(Ib)

where L', 1% and M are each independently as defined
above, with the proviso that the bridging L! radical in
15 the formula (Ia) or (Ib) 1s 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
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 zreadily by carbenes, for
example olefin complexes such as Ni(cyclooctadiene),,
Pd: (diallyl ether),, 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



where L', L2 and Mare 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 ordination site for an Ni, Pt or
Pd atom for exarrpl e a car bonyl oXy(g or a further eI ectron- deficient

lefinic d h f the nul a pears to form
grgflepia(r:]tl gﬂ);}? ‘gg J 8 % %fsoﬁmls’vm e tH mB e(fyc‘fﬁotor‘féaf'orrml a
(1) isto CbeerTQjLﬁﬂj qﬁfeif%crtemqraﬁ)l y i mrsol ut( nombprﬁlaelllemeerptd (@ lfedrct her
provi des a pcasisd)or @k'i@p%h@gy he ‘ﬂ‘%r eo?aC@Ee%ySEo@ggpL{Sée%h%h

reacting a carbene or a precursor t w th
pal | adi um drs  pPEPPABF éb@rpltéﬁesce@ﬁatlabﬁéoﬁomcéxééearJelgEhI@@e wiltdis e

X ga”"sscamﬁ:“*@*%ﬂ*l{ﬁd' S (| LA, &0l ST ne or
| exe ch as N cl poct adi ene) 2r i a , ,
o RNt B PR RN TRt 24 Pagha st ot Bhnj FokBaPaTERe P

Preferred rfmrﬁtla[meslcm eaShoBbecaﬁupﬂgm@ast Wii'el. corti @i rpre(cﬂjrs’bﬁg.ll Toszl e

el ectron-d in Lga n a ni keI | a
platlnun1a?%hl “and ?%?J f%urtﬁg hlga%% ﬁhlcﬁu%% %%lh pﬁﬁgtﬁ F@adlly
by a 35 caﬁ%@h@rQE@ﬂﬁﬂeﬂi(ﬁa%%%h | i gands whi ch are replaced by the
carbenggin the synthesis of the conplex are cyclooctadiene or

nor bor nadi e so that the reactant - 13 _or precursor conplex used is,

for exanpl e cYRVBBELRE dFare) ¥l bBAZoqUl FOnd)e oPrepared in situ

(nor bor nadlfecrm) Pl ( mRiigia®leanbyseh eedr ERe dqddetypd Lhevkeagt@nt he
atomand the ligand with 5

ol cot ron- deRiGea% HoaBra Bond d WHThend: sUrPrh srEsemenyt « Réc
i nventi ve eadsehetcombleexrescteber meditiure hefem‘rtml ewaas ibhe {4 agaent
L1-M The Reeedfses HowsHPENETARY: iR RS tRgekT g0l i um
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 is preferably reacted with a
solution of the reactant complex which contains the
fragment L}-M at reduced temperature (e.g. 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
concentrating 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,



t he presence of bases. 10 The inventive catalyst may al so be prepared in
situ froma suitable precursor as described above and the carbene
ligand L2. To this end, both conponents are added to the reaction

m xture of the reaction to be 15 cat“aljyﬁse‘d. However, such a procedure is
not preferred, i.nce the_actually.active catal yst species first has to
be forned hsel(rjlé’,la} .leqnst’hecgég}gpyéﬁ)éﬁgg’st'o et et Yt Fred aiikrYer@é;rlqnﬁ

achi eve a meiamyd a€t compyun&snoe opihiviialX qumefarmed,i omhepadikt iiens and
opti mal react.pn£onditlong 20 the .c lyslis reaction.are frequently
not identical, t e&g%t%'l yst rreeggfnpllg ﬁof}%azjll\/\dslaeys Bp fL'rE‘rﬁPWumutslalli%Zed. | t
i s t her ef orte ddhAiftragedust f blupremetkanes lpkonaot at e ohe | mlerdtinie

conpl exgs L@ﬁd@fo&mg,rolé@gn coRpdi tip@ns ﬁ@é}mey then taHse tcli.qu@Se}s

catal ysts. Eln 5 this case, the carbene is preferably re_actg with a

sol ution off ¥Hd'Seact SXETEIFS ex @hi ch THM2RIR t h&cagtdgmst LEIM at
reduced t erpehatirle (@ igonsat of todmiEmt Ube 0falk{Bels0 £30CkeRiekarabl y at
-10Cto + . . e of uitable solvent is THF.. The 30 product
whi ch forns ?abfr@elal qurﬂéét e%? Pg?%é%ﬁpldé,- biffc%%%%‘ﬁlf‘?ﬁf?ﬂﬁlf’ﬂé §%I ution
and preci picti@fiimg., | ttecmenidi tiomal | yf bedpenesi edchyssusbomiriyigs
processgs sU&h asrq¥RshLpg; 1k ecr izatLop or.[r.e ppitation. 35
According to the f%vent%on, tEellynezat\%dec%n%‘eégésIGalﬁlegq{aﬁlgéedrgsagggttgl'ysts
for organi &t E4d¥ oh§29FPhPeal 2R IRGFIENFISHi nglexams emniof, setl. )

catal ytic reactionshare OleiASatioNs, HoHAUNS 1 Aldy! at ic%ﬂi’li‘ﬁ%tone
arylations, amnations, etherifjcations, thiolizati'ons, - 1 .

si iyl ati onE SOOI af PBnCOMRARIRT oRE SPAZLRY n{P atdwsitar dagtcar Wik
conpounds aheviirytent conphends bedier Bodqd St8 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 is shown in the activation of inexpensive but

relatively unreactive chlorocaromatics.

25 In general, the inventive catalyst is used directly
without further 1ligand additions. In this case,
stoichiometrically corresponding amounts of L!, L? and M
are advantageously used in the preparation of the
catalyst. However, it is also possible in catalytic

30 applications to use a preferably small excess of a
ligand to the transition metal.

Generally, it 1is customary to wuse the inventive
catalysts, owing to their activity, in very low

35 transition metal concentrations (< 2 mocl%) . In
catalytic applications, preference is given to using
transition metal concentrations between 1.5 and
0.0001 mol%, in particular between 1 and 0.01 mol%, of
transition metal,



| eaving group, for exanple a halide, a diazoniumsalt, triflate,
trifluoronethanesul phonate, or olefinic 5 conpounds, even in the presence
of nucl eophiles. Further exanples of suitable reactions are
hydrosi |yl ati ons of ol efins or aIkyﬁbebf'ketones, car bonyl ati ons of

ol efins, dis jgounerizations of. olefins, telonerizations of dienes,
cross-coupfpﬁgggagé%ﬁﬁEE%Féané?ﬁéFQHQW:aW%a%%%Y%nf%.§9m€#P§ﬁér&re
reagent s, ﬂhqqﬂahﬁYeaQQMxﬁtabhe.ré&g&ntsthmlﬁqfﬁmkﬂﬁ§,cghg%wsﬁgm

ot her transgjdy - cat o i tjans, e_co es
prepared i ?\ﬁataycgiﬁ or}gén%ﬁe %m@t%xft?ﬁgoﬁqnggﬁ%?gﬁ‘%g%% Bée%of 8?I’r?éfet ?}’192)&

especi al | y RFERACTES asiéat A48T {60 preplrd ngtheyl at@tabyets ns atHeck

reacti ofs) ,tebci;ﬁr}dtﬁul(é‘g,uhztj_ki Jmcﬁ;bo%og'*@gr l@g;(()ﬁl]grg;y @%:i@%'?g?t 2@5%;?; rom
aryl halides qr vin alide r o r aryl -X conpounds,

ar);il di azonium' s PPéfﬂ 2%° uiva&oof W@%Enﬁ%, CER@SRAGM &S | 9Ft y3&f tohe

i nventive l&dMsl,expsefsrahdwn 4t the hedfvat iR otomF@éQg@sumgybgk

relativel act | hl gr.Qar o ics..29.1n general,. the inventive
cat al yst ?éﬂﬁﬁgdcﬁégg% fy qﬁ%%hogﬁgfu??EéVl#VgaﬁJegﬂdi%?on??eﬁﬁuFﬁls
case, st oifEHSHENS caf Py Ebiﬂbspomﬁerﬂymumfsonﬁy:_hp LrZOFgmeMba&_rte _
advant ageouys y edaihnt hg epa i cat t. wever, it is
al so pogsi bl%e itlr@cg?él f//ii csgg'apgﬁl c%%ﬁ%f%%l%sgllg éﬁjleef ?rreiaﬁll%? Al |
excess of &UMOSPATE it RIRS UL IR iton eRethar . Bheratepilityi stcaskeonary

to use the inveentiivee c@ﬂpaéxégs,isowgagtieuwﬂ& aGldpi{dend n FEEXe! ow 35
transition netal centrations (< nol 9 In® catal ytic applications,

pref er ence 5@&%ﬂn58“ﬁ§fﬁﬁs B8 dNAEGT ARE AN At it SaGitE ons  bet ween 1.5

and

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, thiocethers and silyl compounds. The thus

20 prepared compounds may be used, inter alia, as UV
absorbers, as intermediates for pharmaceuticals and
agrochemicals, as 1ligand precursors for metallocene
catalysts, as fragrances, active ingredients and
monomers for polymers.

25

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 is 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 1is slowly added dropwise at -78°C. The mixture is
allowed to warm slowly to room temperature and stirred



0.0001 mol % in particular between 1 and 0.01 nol% of transition netal.
- 15 The novel nickel, palladiumand platinumconplexes are thermally
very stable. Thus, the inventive catalysts my be used at reaction
tenperatures up to above 250C. Preferldnce is given to using the

catal ysts 5 tenperatures of -20 to 200C, in many cases, it has been
found usef % o®wot % Hie¥ erfpePabtifes Bte 360Lytiogod s pﬂ@m@aﬁlqﬁw to

160C. The omdﬂlexmju’f?a/d Qﬁrhew@ﬂevm&muml Q?So@lﬁmécfdfv'a 5%\;%% riho
pressure r tEo or ich a pressure.of on ar is
typically uggg : Rgll¥eﬁgméﬁﬁ i q?hefgaﬂéeQQ a%&%ﬁ%ﬁﬁe?FEeﬁreggﬁ?e up
to 60 bar. pme::a:tmued ysolithds i fivkndéted o6fpl exahdd pathi féltlh%rﬂ y
sur pri sgng, nc e e undercoordi nated s

The catgly§¥§1pr§5é%§d Pﬁ&gécoggﬂ%ce mfﬁ%%Fﬁe ?nv%ﬁPFGn Eﬁﬂycﬁg &§ed
inter aliaC9Hla¥hed pradariatigbniofarmiyticsldiy muralifnes, biaryl s,
benzoic acid derivatives, acrylic acid derivatives, arylal kanes,

al kynes, et hers, thioethers and silyl conpounds The thus 20
pr epar ed cghgghnﬁgrﬁﬁfpﬁgd&ggd mpdi Eicarign a%fLAPh%ﬂxymﬁiQQ@ aghe

i nt er medi atfed lfceri npharowdeisd € aler itk e prfe@zheni cal s, as |igand
precurggrs for netallocene catalysts, as fragrances, active ingredients
and nonomers for polymers. 25 Exanples General procedure for the
synthesis of the inventive cofpkepéss 30td Addol of an Ni, Pd or Pt

conplex with olefin fragnents is suspended in 50 m of absolute THF. The
preparation



of suitable reactant conplexes is illustrated, for exanple, in M
Hramatsu et al., J. Organonet. Chem 35 246 (1983) 203, wherein in
particul ar the synthesis of (cycl ooctadi ene)Pd(qui none) conplexes is
described. A solution of 1 mol of cadrbene in 20 Ml of absolute THE is
slowy added dropwi se at -78C. The mxture is allowed to warmslowy to
roomtenperature stirred - 16 a further 2_Hhours. The solution is
concentrated und a of approx. 2 m
and finally adm™xe
is filtered off shed

e form Wth

car bene-net al - g;;}& Ty
correspondi ng no cati | exes were

prepared: 10 Exay@/l tof14 - 17i5»/3 2 5 |3Pr/3 18 i Pr 10
0

>::>=Pd_¢ E:>=Pd¢ O::%pdmﬁﬁ



11 12 Pr i Pr i 13 14 Synthesis of (I Mes)Pd(BQ 1 (BQ Pd(COD) (323 nm,
1.0 nmmol) was suspended in THE 5 (50 m) under an argon atnnsphere and
cooled to -78C in an acetone-dry ice bath. 1 ,3-Dinesitylimdazol -
ylidene (304 ng, 1.0 nmol) dissol ved §% -THE (20 m) was added sIovay
with a syringe while stirring. The stirring was continued at --78C for 2
h. The acetone 10 _dxy ice bath was allowed to warms|owy to room
temmrﬂure TM}( brown sol uti was stirred oom t enperature for
a further h. PThov- Iutlon was ered (D4 fwrit d concentrated to 5

m by evaporatléz undér

added slowy as

were renoved and . 2l ysi s
cal cul ated for 027 =,840| ng, (518.95):
C, 62.49; 20 H™* (@ 5 39. Foukd:/ C, 62. 75} N42: N, 5.30. - 19 -
Synt hesi s of (1 Mesy (NQ) 4 (NQ Pd(COD) (373 nmg, mol ) was
suspended in THE 11 12

/

48462200
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13 14

Lh

Synthesis of (IMes)Pd{BQ)1l
(BQ)Pd(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 ice bath was allowed to warm slowly to room
temperature. The dark brown 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,
B5%
Analysis calculated for Ciy7H,gN,0,Pd (518.95): C, 62.49;
20 H, 5.44; N, 5.39.
Found: C, 62.75; H, 5.42; N, 5.30.



(50 m) under an argon atnosphere and cooled to -78C in an acetone-dry
ice bath. 1,3-Dinesitylimdazol- 2 5 ylidene (304 ng, 1.0 mol )
dissolved in THE (20 m) was added slowy with a syringe while stirring.
A reddi sh sol ution forrred i mredi ateTylgThe solution was stirred at -78C

for 2 h. T - } sallowed to warmslowWy to room
terrperaturt;@y Iﬁ é%&? y&tlﬁ% %Itl ontwas stirred at roomtenperature for
a further N®) PCTHéO%bI Ut3’en mas f]I 10 emed1{ D4wd s | tsps@raadade@nﬁﬁntm&t ed to

h 5
Sdded gxfmg?ﬂ’on”i’*ggg e B e e OB de i el Yoroved
15 sl owly \Rlls h@gewPrR - @f—’ﬁerl‘aﬁd Qﬁt‘llbd dn@e@lﬂ@(ﬁmmpmésmir—éz Yield

1 5. 44;
- 4203r1n§ stt%dkmé Y634 Crachpum@eﬂm&m @éb@@%@?ﬂ Tﬁ%ﬁ%égn)g}lgl %\ﬁmkl g

9
net hod for af%%eqz-leﬁgovﬁegct”%ﬁ‘ dt §V§F‘ngﬁal""|h&é§ ?W%rﬁd?%ssﬁr gaddish
(obt ai nabl esclfwrimxafplkredf rMecﬁ&t@]@rl Chhe l.gaﬂe_ftlzﬁh aﬁggn SAljl ere, 1

nmol of ar 5 f olefin, 1.2 m nol sui t abl e
amount of %theh-lajrn%/gﬁt F%Lé §m| erl% (flcrreoq%e S 199 R Bf w&lsetaﬂs}loé’r‘?é?l gl ycol
di - n- butyl % hé¥@qtas sApwlivnt etrmalroginandt@rrr@efr@rtmime Gﬂ"lmﬂalq.esa]é) naRY e

dded 3 0 u The t
2eal edtlgmdOss(%slE:elﬁl(}j(cjneaﬁmaé :;Eriglﬁgat gdqrsoloﬁ E:gor@ rd% é %hforAfat ﬁleﬁ it
r

was al | oved t ocooll teRper atagr e. f1rheredixt UDd vvaérstltpelad@d in

et her and tdmxcﬁmﬁrdtﬁdantto scj Ut10N MBS e3aglyaRd BY @3N 9@%%%&:@phy
The 35 pro ucts m d by |st|IIat|on or colum _chromatography

(silica gel reﬁ&lé: e- eﬁﬁ ceett e 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 CiH3N,0,Pd {569.01): C, 65.44;

H, 5.31; N, 4.82.

Found: C, 65.79; 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), wunder an argon atmosphere, 1 mmol of aryl

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 analysed by gas chromatography. The
35 products may be isolated by distillation or column
chromatography (silica gel, hexane-ethyl acetate

mixtures).



m xtures). - 20 Exanples 15 to 31 \~\ (I Mes)Pd(NQ 4 NaOAc 5 "I MES"
means 1, 3-bis(2,4,6-trinethyl phenyl)imdazolin- ylidene and "NQ' neans
napht hoqui none. No. RLR2Sol . Tenp. ConversionYield (C (% (%

15HHBU4NBr 1407162 16HHBU4NBr 1608367 "1 A40CH3 Bu4NBr 1606352 18HNOR

Bu4NBr 14010088 19HVEBU4NBr 1606562 éﬁ§%§§§u4N§5 409384 21CNHBu4NBr 14010099
221. 1. HOOCH3 Bu4NBr 14010097 231*3% t 4RBr L 14010095

241. 3. HCOCH3di oxane14010098 251. 4. HCF3di oxanel1409589

261. 5. HOCH3di oxanel1606559 271. 6. FHdi oxanel608782 10 Sol. = solvent C Rl
Ol B + 0 Bu (I Mgs) PA(NQ 4 Bu4NBr, NaOAc, 140C, 24q1 - 21 R1 R2
Conversion Yif ) (‘; A (IMes)PA(NQ) 4
-+
Z NaOAc R?
R2
5

"IMES" means 1,3-bis (2,4, 6-trimethylphenyl)imidazolin-

ylidene and "NQ" means naphthoguinone.

No. R! R® Sol. Temp. Conversion Yield
(°C) (%) (%)
15 H H BuyNBr 140 71 62
16 H H BuyNBr 160 83 67
17 H OCH; Bu,NBr 160 63 52
18 H NO; Bu,NBr 140 100 88
19 H Me Bu,NBr 160 65 62
20 H CF3 Bu,NBr 140 93 B4
21 CN H Bu,NBr 14¢ 100 59
22 1.1. H COCH; BuyNBr 140 100 97
23 1.2. H COCH; Et,NBr 140 100 95
24 1.3. H COCH; dioxane 140 100 98
25 1.4, H CF; dioxane 140 95 89
26 1.5, H OCH; dioxane 160 65 59
27 1.6. F H dioxane 160 87 82
10 Sol. = solvent
Cl R’ O E

R1
4 FN 0B iMes)Pd(NQ) 4 S A
S Al oy
© Bu  Bu,NBr,NaOAc, 140°C, 24h g2
2

R



28 CN H 100 99 29 H NO2 100 98 30 H COCH3 100 99 31 H CF3 98 90

CGeneral working procedure for the Heck reaction of

aryl di azonium sal ts:

5 Under an argon atnosphere, 1 mmol of aryldiazonium salt, 1.5 muol of
olefin, a suitable anmount of carbené- 2Rd-olefin catalyst (1 nold) and 100

ng of diethylene glycol di-n-butyl ether (as an internal standard
| B-€ < ] ewasheat ed

t he GC ana

for 10

to a suitabfe Renperature ébr 1 hour Eéﬁd éubséﬂtﬁﬁﬁﬂqm adﬁhkﬁ@xé@tﬁ et her

at room tenperature. The solution was anal ysed q%)gas

The produ

(silica gel, I&xane/ethylClcetate m x@ures). Exawples 32 t o936
(I Mes)PA(NQ 4,20 No. Rl RZ EtOH, 5OCF 1 h1.7. éébeld (9) E&gS CO2Et 90
co 100 99

CORCH2CH (Et) (CH2) 3CH388 CORCH2CH
(CH2) 3CH396 320H Ove 33 M Owe

B) () 99  C2
CH;

31 H CF; 98 80

10

15

20

General working procedure for the Heck reaction of

aryldiazonium salts:

Under an argon atmosphere, 1 mmol of aryldiazonium
salt, 1.5 mmol of olefin, a suitable amcunt 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 ethanol. The
mixture was heated to a suitable temperature for 1 hour
and subsequently admixed with ether at room
temperature. The solution was analysed by gas
chromatography. The products may be isolated by
distillation or column chromatography {(silica gel,
hexane/ethyl acetate mixtures).

Examples 32 tc 36

R (IMes)PA(NQ) 4 Y
+ Y -
EtOH, 50°C, th ]2

)

No. R! R® 1.7. Y Yield
(%)

32
33
34
35
36

OMe Ph 68
OMe COEt 90
OMe CO,CH,CH (Et) (CH,) ;CHa 88
Net, CO,CH,CH (Et) (CH,) sCH, 99
NO, CO,CH,CH (Et) (CH,) 5CH, 96

T~ T & T =

chr omat ogr aphy.

r aphy

CH (Et)



34 HOw 35 H Nett 36 HNO®2 - 22 Ceneral working procedure for the
Suzuki reaction of aryl halides In a pressure tube (obtainable, for
exanple, from 5 Aldrich), under an arz%on at mosphere, 1 nmol of aryl
hal i de, 1.5 mmol of aryl boronic aC|d 1.5 mml of bage afsg!t?lﬁlle
anount of f| n cat aI 1 nol of die ene
gl ycol qsaerb e&\ P% n?aspra%‘:(? ‘f%‘?n Prst dzf%rl thea e ahaldfsi s) 10
wer e added any 15 hrﬁlldfefxyl ene. The tube was seal ed and suspended in a
preheated silicone oil bath. After 20 h, it was allowed to cool to room

tenperature. The mixture was suspended in ether, and the supernatant
sol ution was anaPfSEF ByP gdsitehr dedttagnaphy., th@rpr@ehamaslermy flreml 5

i sol at ed by ldirsitdH)l at LBBe®r £0! WY aNT RS9k aPAY (an}nb‘.’?a |
hexane/ et hy| |(%€ 58{(lNQ) 4

cet at x es l es 3 to 43 Cl
Cs2CCB, xyI ac%o m@&%&&ﬁb Y EF da%ﬁl(()/&(%m{wlcmeb@@@ 100 98
38

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)

10 were added to 5 ml of xylene. The tube was sealed and
suspended in a preheated silicone o0il bath. After 20 h,

it was allowed to cool to room temperature. The mixture

was suspended in ether, and the supernatant solution

was analysed by gas chromatography. The products may be

15 isolated by distillation or column chromatography

{silica gel, hexane/ethyl acetate mixtures).

Examples 37 to 43

ol B(OH),
R' (IMes)PA(NQ) 4
! Cs,C04, Xylene B
R2
20
No. R! R? Temp. Conversion Yield
(°c} (%) (%)

37 CN H 100 100 o8
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 CH; 120 91 84
43 H OCH; 120 73 69

General working procedure for the Suzuki reaction of
aryldiazonium salts:



H NO2 100 100 87 39 H COCH3 100 94 88 40 H CF3 100 89 86 41 H H 120 86
78 42 HCH3 120 91 84 43HOCH3 1207369 Gener al wor ki ng procedure for
t heSuzuki reaction of aryl di azoni um_sazl:;[s_: - 23

Under an argon atmosphere, 1 mmol of aryldiazonium
salt, 1.2 mmol of arylboronic acid, a suitable amount
of carbene-Pd-olefin catalyst (1 mol%) and 100 mg of
diethylene glycol di-n-butyl ether (as an internal

5 standard for the GC analysis) were added to 5 ml of
ethanol. The mixture was heated to a suitable
temperature for 1 hour and subsequently admixed at room
temperature with ether. The solution was analysed by
gas chromatography. The products may be isolated by

10 distillation or column chromatography (silica gel,
hexane/ethyl acetate mixtures).

Examples 44 to 48

N,BF, B(OH), R R®
R (IMes)Pd(NQ} 4 O
’ EtOH, 50°C, 1h R? O
R? R®
15
No. R! R R? Yield
{%)
44 H OMe H 93
45 H CMe CF, 96
46 H NEt, H 95
47 H NEt, CH; 89
48 H NO, H 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 mel%) 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 suspended in a
preheated silicone oil bath. After 24 h, it was allowed



Under an argon atnosphere, 1 mmol of aryldiazonium salt, 1.2 nmol of
aryl boronic acid, a suitable amount of carbene-Pd-olefin catalyst (1

nmol %9 and 100 ng of diethylene glycol di-n-butyl ether (as an internal 5
standard for the GC analysis) were addéd to 5 ni Ofd et Banol. ;I'lhe mdx_turg
was heated to a spitable t erature for_1 hour and subsequen adm xe
at room tetr?pe?%?tréovwrf)ﬁmet S FRTIIS,) Lﬁfi%rf“%’éuaﬁgwyse@wergéﬂ

chr omat ogr d@phyethiée, panduths rmgpetxm/ait%ﬂitatﬁﬂldlyid& qd.h?t 'ahla@ylsgxe Q{yl col l‘izfm
chr omat ogr L I ex t cetate xtuyes). anpl es

to 48 N2BF , B(léﬁor%}?%?lo%ggfﬁd?NQ?H%EPE%/Ad%at%oE?Yl 153 FATBRPY el d
(% 44HOVEIHS M@ CTF398¢ 466NEIRIHOSCATGINEL OCHBBBY 48HINO2 1Ha4 Gener al
wor ki ngspr oeedine dtafy Kef Qe @t Watd (k)20 In a pressure tube
(obtainable, for exanple, from Aldrich), under an argon atnosphere, 1
mnol of aryl halide, 1 nmvl of ketone, 1.5 nol of base, a suitable
anount of carbene-Pd-ol efin catahnsied l490td9sand 25 100 ng of diethylene
glycol di-n-butyl ether (as an internal standard for the GC anal ysis)
were added to 5 nml of toluene. The tube was seal ed and suspended in a

pr eheat ed siliconeloil bath. After 24 h, it was all owed

R? I o (IMes)PA(NQ) 4 TR 3
' Ra)J\/R NaOtBu, toluene s m
R? R
10

No. R! R’ R’ R? Temp. Conversion Yield
(°c) (%) (%)

495 H Ph H 120 100 86

50 H Et Me 120 100 91

51 H Me Ph Ph 120 87 84

52 H OMe Ph H 120 73 61

53 H CF; Ph Ph 130 95 89

54 F H Et Me 100 86 72

General procedure for the Buchwald-Hartwig amination:

15 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

20 internal standard for the GC analysis) were added to
5 ml of toluene. The tube was sealed and suspended in a
preheated silicone 0il bath., After 24 h, it was allowed
to cool to room temperature. The mixture was suspended
in ether, and the supernatant solution was analysed by

25 gas chromatography. The products may be isolated by
distillation or column chromatography (silica gel,



- 24 to cool to roomtenperature. The m xture was suspended in ether,
and t he supernatant solution was anal ysed by gas chromatography. The
products nay be isolated by distillation or colum chronmat ography (silica
5 hexane/ et hyl acetate m xtures). Eia%ﬁ €s 49 to 54 C 10 O ( I Mes)Pd(NQ

4 t 4 R3 uene el .. No. RIR2R3R4Tenp. Conver si onYi el d

('O ($) (% 49HH I%%%O(?B%e%%%@ﬁ%l\q%?%gl 51HVEPhPh1208784
52HOMEPhH1207361 53HCF3PhPh1009589 54FHEt Me1008672 General procedure for
the Buchwal d-Hartwi g am nationg, igsaSQrggsgge tube (obtainable, for
exanple, from Aldrich), under an argon atnosphere, 1 nmol of aryl
halide, 1.2 mvl of amne, 1.4 mol of base, a suitable anount of
carbene-Pd-ol efin catalyst (1 nol% and 100 ng of diethylene glycol

di -n-butyl ether (gas an 20 internal standard for the GC anal ysis) were

added to 5 mrtof 4ol uene. Jhe tube and suspéhdef in a
e il bainl Ater a0 Ght
q]

preheated silico fih bathy After S all owed oNegol to room
tenperature. The ture “REuspendelaoiD, tatdner , and super nat ant

sol ution was anal yised by R?
5

No. R! R? R? R’ Temp. Conversion Yield
(°C) (%) (%)

55 H COMe Ph H 1¢0 93 81

56 H H c—-{CH,}¢ 120 73 69

57 H Me Ph Me 120 77 74

58 H OMe mesityl H 120 64 62

59 H CF5 Bu Bu 100 g4 78

60 CN H Ph H 100 100 89




25 gas chromat ography. The products may be isolated by distillation or

col um chromat ography (silica gel
H (1 Mes) PA(NQ 4
Conversion Yield (-C) (%7 %
PhiMe1207774 58HOMVenesi tyl HL1206462 59HCF3 BuBul008478
1. Transition netal

Exanpl es 55 to 60 C
R2R3R4Tenp.
51207369 57
60CNHPhH100 -

formula (1) 5 L1-ML2 ( |

26 d ai ns:

) where

- 25 hexane/ et
+ R3'N, R4

Mis a nickel,

55HCOMEPhH1009381 56HHC

hyl acetate m xtures).
NaQt Bu, t ol uene 5 No. Rl
(CH2)

conpl ex of the
pal I adi um or platinum

atom L1 |q

a li

doubl e bond and L2 I's a nonoden

or
al kyl

10

15

20

25

30

where

vmqnééait casho POF &t &

carbene

an aryl

M is a nickel, palladium or platinum atom,

OB ED ot

(I'r1) 15 in which the RlL and R2 radicals are each |ndependently an
sadi cal including alcycleal ky}zyadical,

r adi cal

L' is a ligand having at least one electron-deficient
olefinic double bond and

L’ is a monodentate carbene ligand of the formula {(II)

or (III)
RZ
4 ]
RNN
| )
RN
R
5 )
in which

2
2 RS R

the R' and R? radicals are each independently an alkyl

radical including a cycleoalkyl radical,
or heterocaryl radical,

an

aryl radical

each of which may optionally be

substituted,

and the R’ to R® radicals are each independently
selected from a hydrogen or halogen atom, -NOs, -CN,
-COOH, -CHO, =~803H, -50,-(C;-Cg)alkyl, -S0-(C;-Cg)alkyl,
-NH-(Cy-Cg)alkyl, -N((C1-Cg)alkyl}z, -NHCO-(C;-C4)alkyl,
~-CF3, =C00- (C1-Cy)alkyl, -CONH,, -CO-(C,-Cg)alkyl,
-NHCOH, -NH-COO~(C;-Cy)alkyl, -CO-phenyl, -COO-phenyl,
-CH=CH-CO;- ({C;-Cg) alkyl, -CH=CHCO3H, ~PO (phenyl),,
-PO((Ci-Cslalkyl)s, an optionally substituted alkyl
radical, an optionally substituted aryl radical, or an

optionally substituted heteroaryl radical,

or at least



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, -COCH, -CHO -SMBH , -S2-
(C1-C8)al kyl, -SO (C1-C8) alkyl, -N4’(Tl-Ce) alkyl, -N ( (Cl-C8)

al kyl) 2, -NHCO. .(C1-CA)s al kylLs 25 ,-CF3i -C00- (C1-C8) al kyl, -CONH2,
SCO (Cl- ) Al RE| ,%e-orilﬁHc%% lf‘NH-r%?JbF?ii- é&’)geaﬁéﬂ Wido phenyarbon

- COO- phenyl2tonCH=CHITOZh ¢Igky CBYe abkybed- EbEMCHCARHL o RO -(fehigynded 2,
-PO ((C1-C®)irg} kyl) 2, an optionally substituted al kyl radical, an
optionally substituted aryl radical, or an 30 optionally substituted
heteroaryl radical, or at least - 27 two of the R3 to R6 radicals
togetheb with tierayarionn a0 Lkt hee &y hended, fonmg 4+ to
12- menber eca151 rri ng, 5 ﬁp Transition netal conplex according to aim1l
where Mis PESH fadddtion netal conpl ex according to Caim1l or 2
where the el ectron-deficient olefinic double bond in L1 10 bears at | east
one el ectran-w i jtu selected froma gyano group, an

al dehyde g(ry(}up, a rkr%\t%yqlg)rfgpl calall ,ggﬁ%ﬁ?}b(&%?l&dg&g g{ﬁr%ﬁ}ma%c&rngyl ic
ester radi"@@re ddrboxkeddeonadit tatient Nobebsnitutiedbleabhoxanide

radi calo 1%ehrsit ansi fi-QR e C c ' NoRely! f,.Clains 1to
3 where L1 i 5 selected f%gm Egﬁpogggls:%g?ﬂ %EEHPgrgﬁ%ﬁge %P%f?l?\%en&r (V1)
20 {V) NO S8 it&g from a cyano group, an aldehyde group, a ketyl

radical, a carboxylic acid group, a carboxylic ester
radical, carboxamide radical or N-substituted
carboxamide radical.

15
4. Transition metal complex according to one of
Claims 1 to 3 where 1! is selected from compounds of
the formulae (IV), (V) or (VI)
0 0
Ry 0 Ry Ri3
Rs Rs
>__'—_..:< Ryz Rig Rys Ris
Rg Rio Ry3 0
(V) (V) (Vi)
20
in which

R is selected from -CN, -COH, -COR'®, -COOH, -COOR!®,
-CONHR™, and -CONRR!®, where R and R!® are each
25 independently a hydrogen atom, a C;-Ce alkyl radical or
Cz-C¢ alkenyl radical, and
R®, R’ and R are each independently selected from a
hydrogen atom, a C;-Cg alkyl radical, a C2-Cg alkenyl
radical, a halogen atom, a hydroxyl group, -CN, -COH,
30 -COR'®, -COOH, -COOR'®, -CONHR'® and -CONR'SR!S, where R
and R!® are each as defined above,



R is selected from-CN, - COH - COR15, - COOH, - COOR15, -CONHR1S |,
and - CONR15R16 , where R15 and R16 are each 25 independently a hydrogen
atom a Cl-C6 al kyl radical or aI ' kenyl radical, and R8, R9 and
R10 are each independently sel ect ed T réma hydr ogen atom a Cl1-C8 al kyl

radi cal , al adrcal,s a fwl o ﬁm dE 0X up, -CN,
- 0OH, 30 -étngg, -%§§5éb% 5 égﬁ o éi Rfédl%ﬁgﬁe R15
and R16 ar &csgdhess widfh ﬁ'étﬁaﬁﬁﬂf@s to 2ghioh tlmysaurEabbedR'd fR8m R9, RI10,

R15 and R1G - adi @ahemdedqef hemgv th the atoms to which they are bonded
1, R12, R13 and Rl14 are each

forma 5- §0 penbes ed

|ndependen§$y gglec ?W&wﬁ 5AESheAFBgeRdaPeRfieat Y- e5larked fagincal , a
hangenSat@mhyﬁrog@m atomp @ach-caselkyo QEdhE@éRlLatpaf%ée?sgg%hlLgent;
toget her with t at Qi tQ, wh they are on 1 0 8-penbere
ring. 10 Sﬁran%;ltlon met al éa&blexg%%co\;ﬁ?ng ﬁ % A% msf1 to 4
where L1 |§U§§KQ¢N@@HﬂwﬁﬁQﬁﬂ®&ncwabmdtheaampmﬁcUﬂNWﬂfchathypoambrlIe

met hacryl i ¢36&% £o¥et hag yltl C g sl fleS-eJTEL ??cryl onitrile, benzoquinone,
2- met hyl - p- benzoqui none, 2, di met hyl - p- be zoqui none, 15

2, 3--dichloro-5, 6- dicyano-p- benzqu|none napht ho- qui none,
ant hr agii nene, lT&La@ﬂs@.td@:'ﬂNdrrdéi%l m?dc@ﬁ lé!@ afcf?éhledfn@g' Qol ”8}18':3 gsters,
fumaric aci r rs salts o e carboxylic ac
ment i oned, qS’rl nB]r q'f?e#?enEZOl% S§LER5PEI o Fet2F T Ebhp é%léccor di ng
to one of aCrgilne 1 EetEr\s/r,\er eabt2yilsnseketted fmemhicrdibis (8«::16, 6-
trimethyl pﬁ‘él@ﬁa}:'rg'lc%%z%l é d%e?halcli%c'jnsl( rlale’dlggrwgcllgyggx

2,

i m dazol i nyl'i dene I's ("1-adaman
methyl-p- benzoqulnone,

5- dlmethyl—p—benzoqulnone,

15 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 tetracyancethene.

20
6. Transition metal complex according to one of
Claims 1 to 5 where L? is selected from 1,3-bis(2,4,6-
trimethylphenyl)imidazolinylidene, 1l,3-bis(2,6-
dimethylphenyl)imidazolinylidene, 1,3-bis{l-adamantyl)-

25 1imidazolinylidene, 1,3-bis(tert-butyl)imidazolin-
ylidene, 1,3-bis(cyclohexyl)imidazolinylidene, 1,3-
bis(co-tolyl)imidazolinylidene, 1,3-bis(2,6-diisopropyl-
4-methylphenyl)imidazolinylidene and 1,3-bis(z,6-
diisopropylphenyl)imidazolinylidene and 1,3-bis (2, 6-

30 diisopropylphenyl)imidazolinylidene, l1,3-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, 1l1,3~bis-

35 (cyclohexyl)-4,5-dihydroimidazolinylidene, 1,3-bis(o-
tolyl)-4,5-dihydroimidazolinylidene, 1,3~-bis{2,06~-
diisopropyl-4-methylphenyl)-4,5-dihydroimidazolin-
ylidene and 1,3-bis(2,6-diisopropylphenyl)-4,5-dihydro-
imidazolinylidene.



25 im dazolinylidene, 1,3-bis(tert-butyl)imdazolin- ylidene,
1, 3-bi s(cycl ohexyl )i m dazolinylidene, 1,3- bis (o-tolyl)

i m dazol inylidene, 1,3--bis (2, 6- dllssfropyl 30 35

tri met hyl phenyl) 4, 5- d|hydr0|n1dazolln dene, 1, 3- bis-

(2, 6-di net hyl phepy, i hydr.oim dazol in Ilden _
4- et hyl phenyl )yim d%izf)ltfl n@l i de %%alg]ndfo%mﬁ%/ feG Ere following

di i sopr opylyHeistyien dexbol ¢nylIkleneandl, 3- bIS(2,6-

di i sopropyl phenyl )i m dazol i nylidene,1, 3-bis (2, 4, 6- tolyl)-4,5
-d|hydr0|n1dazoI|nyI|denq 1,,3-bis (2, 6-

di i sopropyl - 4- neth}?p ﬁy ry= h 5-di hydroi m dazolin- ylidene and 1, 3-bis
(2, 6-dBisopropyIphenyI) -4, 5-di hydro- imdazolinylidene.

bi s(l -adamantyl)-4 mydr0|n1dazollnylldene 1, 3-bis-

tert-butyl)-4,5- dlhyd m dazol i nyli dene, 1, 3- bIS-

(cycl ohexyl) - 4 5- d|hydr0|nidazolinyIidene,1,3--bis(o- - 29 7. Transition
nmet al conpl ex of the fghlomﬁng structure (la) or (Ib) L2-ML1-ML2 5 (I

a) 10 (Ib) mherngéggg M are each i ndependently as defined in one
of Claims 1 to 6,° % oviso that the bridging L' radical is
selected in such a waylthat it 15 has a further coordination site for an
Ni, Pt or Pd atom 8. Process for preparing a transition metal conplex
accordlng to one of Claims 1 to 7, conprising the 20 contacting of the
ligandl®2 with a netdllkdonpl ex whi ch contains the fragment L1-M and an

additional |igand
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. Process for preparing a transition metal complex
according to one of Claims 1 to 7, comprising the

20 contacting of the ligand 1°? with a metal complex which
contains the fragment L'-M and an additional ligand
which can be displaced readily by the ligand L?, where
L', M and L? are each as defined in Claims 1 to 7.

25 9. Use of a transition metal complex according to one
of Claims 1 to 7 in the homogeneous catalysis of an
organic reaction.

10. Use according to Claim 9, wherein the organic
30 reaction 1s selected from olefinations, arylations,
alkylations, ketone arylations, aminations,
etherifications, thiclizations, silylations,
carbonylations, cyanations or alkynylations of aryl-X
compounds or vinyl-X compounds, where X is a leaving
35 group, or of olefinic compounds, or from
hydrosilylations of olefins or alkynes or ketones,

carbonylations of olefins, di- and cligomerizations of



whi ch can be displaced readily by the ligand L2, where L1, Mand L2 are
each as defined in Cains 1 to 7. 25 9. Use of a transition netal conplex
according to one of Cains 1 to 7 in_the honogeneous catalysis of an
organi c reaction. 10. Use accordi ng‘t&o(}_ai m 9, wherein the organic 30
reaction i - ed. Lk l.ef.i ions, arylations, alkylations, ketone
aryl at i ons:%%%lg%’i oﬁfse,lgmg?ﬁgra:tgl%%at?gnsc?ié/rf%ﬁ ol9*zafF oS, “§HPy I &fSons,
car bonyl at i"édd, cyrFRReESa2biial kyrpbentens arof aryheX coapeundsnor
vinyl - X copeeundsa twhefs X g&ﬂil@\gégg:t%]% oup, or of olefinic
conpounds, or from hydrosilylations of olefins or alkynes or ketones,
carbonyl ations of olefins, di- and oligonerizations of - 30 olefins,
teloinerization of dienes or cross-couplings wth organonetallic
reagents and other transition netal-catalysed coupling reactions.



