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*159159* Novel nickel-, palladium and
pl ati num carbene conpl exes, their preparation and use

in catalytic reactions 5 The present i nv
to novel nickel - pal | adium and platin I’Hmmm I
conpl exes, and to their preparation and use P

catal ytic reactions. 10 More than 80% of the

i ndustrjally ﬁ)r&ggfgd chg:r;%fl%g_ Y gegg%gfé?elg_ erbene

catal yt1C processes.

gener gomplexes , c thedm paielp}rwta.bheaanuuse in catalytic
environnental |y friendly than.qQiespondi ng

stoi chionetric organi c reactions. *The honogeneous 15
catal ysts used, in addition to acids and bases, are in

pa’fﬁécmﬁres"é‘?ﬁp' exegeRfidhe rf%lila%e@?t a&oq H'o‘%'é?il ' nickel-,

pal | adi ym and pl ati num conpl exes al so nd use as

hoRBYeReowE- 08P9I9§P§1PHmnGﬁ€PSU§ Fﬁ@@é@#ﬁéh e dssdeheir

angrépa 88 gabh CasiNtibesi g @Qtéh?th@bﬁéaEQEMn§Ca|e An
20 inportant exanple is the utilization of aryl-

conmpounds (X = hal ogen, OIf, Nz+, Ows, C(Od etp ).
EsWecée aldharbr 80®- cihdthaél ermarsmmlaildsy apeomerzsat idiemicals

in ne t che ust for exa S
pr gé%%r sgégéﬁérg{j he% epa%{ﬁ&ﬁé {‘? eesrﬁecsm ggga%aalytlc
i NPEPRRIFAS eRrHhacnacalivcarere d@@@nonmc@mlazl sviabte and

| negdldibhRant gl ekel andrpahhadi um catalysts &' responding
frequent | | oyed catal ysts for .the

fuﬁ‘é??‘é}ﬁ%\%{?‘%g}g?ﬁn PtIat Dar GRECIELONSr vi AYE hdlqnpsgeneous
t occatahpsts akedlndn auandnemﬁsw e&psagl uﬁhybélsl@@sls are in

re j t|II reacti n) iar (Suz Ki .
reé%ﬁg%ﬂ%l I Femng &P on, o2 dan)fgé)i\L alQPeSgi sitckel,
r epaliadiymal kxy@espléisormmgascmmzalemst |anh-3q> cﬁirhbxydse: as
achgnd LVeS 2l lee bg on
(Bhg%mg%%gﬁg %ﬁta Sgagtﬁgﬁ @%&?%u £ gﬁg& stPfRcesses
ded®?i B&d @%Qa%ﬂ%fﬁﬁﬂﬁh@ﬁés <ynkth;ﬁabnﬁatory scale An
caimosyt aht On%xaﬁ‘r@&ea“ 98BS, @Ha NatitQns zaNdrsi Mhkar gpy1-x
reactions  of ar Cl@ ounds_frequent| have
sat PEPARRIF y 8<at aI V3108 noYEE / n éfﬁsld\ﬁ: (BhFy etc.)
*chbspe2fally bromo- and chloroaromatlcs are versatile
intermediates of the chemical industry, for example as
precursors for the preparation of agrochemical
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
reaction), biaryls (Suzuki reaction, Stille reaction,
Kumada reaction, Negishi reaction), alkynes

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

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

A
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wi th uneconom c starting materials such as

i odoaromatics and activated bronparomatics. In

contrast, in the case of deactivated bronparonmatics

and especially in the case of x£hloroaromati cs,

generally 5 |l arge anmounts of catal yst have to be added

| nwatder tonattmomiendusdtadntiyg usefdtadiellds (>s908). as
Owi; rrple y of egct i nmxture
si%%?ggggbgﬁﬁs reé%% i ng F§E§8§ i on Gegematics.  In
po§9hbtest501mh¢maanasqtﬂfr@&@mﬁlvqﬁed btmm@a¢@mqsics and
Ca%%ﬁgust inycofﬁs MU ch,1d aéfl 3 ag:g%a%nfﬂ& 1St aghierally

rial 1 nplementation
5 palBirefl &NOPNGS tHe GAERL VI thaver Epabst iasidast iqrtonder to

i ng'teﬁllﬂntlﬁd@rst&(ﬂa'l\l% aredi efite IHLCW SEUS) . 'éwir§g to the
undesi red .to mof éﬁh th | ar e amount s of cata
h

si FOBPLRELLY] s° Eeﬁﬁ LANs T $int f%“E&FHI?%FalYSt
resedyed ingnai s addihe opaadyctnofRelpatsisuelly,r esentthat even

cataly e, bhased on cIo aIIad t.e
phogphﬁaééx%V§g? rFE%nn %g' %% % @% COStS which
10 C. ape Rensiradéy, am orbat@mm arq ivhdLBstt:t:earJ, anl:emeh’eatlon.
Angegw. 95, p’laq:7 g I
Engl. 2%@‘%%15&'9%4 Taa) it Rat s erc‘urgcsﬁl the
deR&ERBPAG tAPHI paafos%thwé% c—z}gpedxmpté og, Lactammmredlent
An@@%lé:g@é@ﬂqs 1%}%1éllﬂnct:l<2§17€edﬁﬁgeWor@hWt# niarcféj arEBunts
or_tri-ter osphi
ptk&d %@\lCJfStF‘u % ﬁhﬁ%ﬁslég f?i éq‘%g%%\?e that
15 Chemtalllyst Edes25u&n glemd D98, 1r87thfé38ﬁ):omt:h Relatively
pa m u £xe
e oens SR P A et T R A A Y E  bpat adate
eph@§9h2é§5| N . nierstmaih | staBrQﬁaeror)K mehieeke byC. -P.

30raeans gk, t he Q’k%q_\ée:rr@%%ci“ hed gLl ONg. eYLO-MSt N0a gew.
such catal¥3%h i@e cata St _productiVities expresseﬁ
e

as PRy b Lot HORS meAbPNed GReNt ypint | ya.  Engl.
20 belLews10, 89D, 1&m:d1 thert unhevered r egueseices ca1h) @@h@mlng

S Balbarl oy 15 BT Gl A coe

cafl@BPst &l Have2 31 bedAngewd. Chempi tTetof Eal.l Engl.he1999 38,
deyghapment  ,qf_ tteflet-% DA AL AN Y S P Y.,

few i ndustri al the ary ion

cafBaeyl-at FoAM - oI’e?-‘?Qvat ild, 8B86; ohngewor cdresmat ilog. Ed.
25 haygghecagseknow) I3 dats trAipd ML ats £xeiPbe Ph11adium

t he |n$ustr|al use of platinumcatalysts is

hy&PBEFy¥Fati on, for exanple in the preparation of

organosilanes or in the crosslinking of 5 silicone

ru S on t he pr.oductjvit d

hSREYsEr v Hr s TR s B SR gL caad? Fvays be

cod@tdﬁﬁébﬂ@dfautoﬁnfmmdustnr&mkyrsatlaﬁpbbyapumanner by
30 10nEhRsadd EhPALbAGLLAL CRL YS! $ MG BNAr SROMPII Yy such

used i n the context of e activation an
ut FRF2AYPSH - of They| cat dlonploumFedmcs iyditiad utegpressed  as

CO'!‘DN$X9§or TheeSi ta@dt Do d S m@inFilodled O5rdi & 1cally below
&ﬁ ﬁﬁb Pla |n n1catalésts mhlc are ysed for the

ydrosi | v Qr etpF PVﬁEn(IWFqWﬂWQHQﬁndﬁngandbelow

pIaL000nh05 cmhpbexesoroﬁjmhlabhﬁepemeahlyxﬁhalgh yields,

35 p| %g@%%@lv‘é‘igp' E:'ES(%? h%&emgl gh @CHQ” te\é{paerhdsn_rlrae catalysts

foun
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 chlorocaromatics have become known



20 It is an object of the present invention to provide
novel nickel, palladiumand plati num conpl exes which
can be used directly as catalysts even in reactions on
the industrial scale. OMmng+ @ their structure, the

i nventive conpl exes should afford active and
produdetee 25 catal yst systens which are stable over a

Th
ol SRR A e PR SRR M B b B um
| egatadysEsnpliexi thydmes ekpertseorr onfavai kxbmple in  the

st 0 ohl
oo REHPRRSS T AR AR B0 BhORET R g o

5|n§&§PFP§? pr68€§§és Aé@ormﬁﬂfﬁ(Jtﬂﬁ?QWﬁRﬂﬂ|(N¢Oths the
obpeetutsiathiyeved bt«héloy@hcewl_ﬁey dJral 4l @m;amg}st is of

Iatlnun1conplexes romula (1) L1-MLz
whEPBrSﬁI|§‘a RPRRE erﬁﬁi?adf&ﬁﬁ?ﬂr pIé?FnuﬁF&ton}n?Hﬁtrlal
i sempllogabdlhayi.ng at | east one el ectron-deficient
ol efinic double bond and LZ is a nonodentate carbene
ligand of the forrmula (11) 5 or (I1Il1) in which 10 the
10 R1Thad aR2 ivadireal ladinm eaztal ysleperdeohl praen ainkydnly used

raghcaltﬂé“”l5$ﬂﬁéii Cy8k0a|¥%% r%ﬁﬁf@%at Qﬂlathd further

radi cal or heteroaryl radi
opBEdhAFRYiBE subfsti RAYADX 15-QAMPYINES Rsaﬁr@ R@alladlumw)

Lagbﬁghéxééeheaﬂﬁbl ndapenrdaril y ssl e(‘éﬁﬂlfaﬁ.omcagr nickel
r n en - r - .-C(I)‘L -
SeabAvEDs: (G |E§|t?%%65 %%%B) 3ZFKy§sed nfor  the
15 (Chyﬂ:a)asaﬂtgylatlohl (e Oe@la‘lckryhr)l (2V) ; NHEQa tiGLmGI)r ) ) and
EXFUBWR%S&H‘%&&%’ (B GENE. S e
phenynl - CPmplie@eR- hale- m)ghalaqmvm}ﬁ@mmaﬂze found

-Pgagggggggb dse-PO ((C1-C8) alkyl) 2, an optionally
substituted al kyl radical, an optionally substituted

aryl radical, or an optionally substituted heteroaryl

20 racdtcals ah adbj@ﬂst 025 ¢W® BfrekBatR3i d@embi sraditeal Srovide
ﬁeth r with the c rbon atons .to ich the

GEG T Grse T ng 2 ORMESD opRgi LEHIRPL( GPERLexes which
othenwbeepsadzﬁi@écthwlaalcananystsoewentﬂﬁ:ﬁéuttions on

pr%ﬁgntiﬂﬁwg%gigf Qﬁﬁx&gﬁfé&ﬁﬁgy 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



30 1 to 18, nore preferably 1 to 12 and nost

preferably 1 to 8, carbon atons, for exanple a nethyl,
ethyl, iso propyl, n-propyl, n-butyl, tert-butyl or

hexyl group. It may be |inear 4or- branched, or forma
cyclic structure, in particular a cyclic structure

haMi mg 6:3618kemepenabayuﬁSoesplafc@humxaﬂbhe a

cyel obexy d radical ., A_substituted
pATpetig WRAEL g il A LA e T o SRS
preiefabhy dauhlenbepdndedtly sel ected from -0-

I ( k - nyk.,. - I
: hal o5en. abamdeingte Wgtedy YoaaiPotnkse @i ap
> - sep- ( ?é%)cs) alkyl, -SO (Cs-CB) 10 al kyl, -NH2r
-NH (Cs-C3$) alkyl, -N ((Cs-C3$) alkyl)) 2,
- NHCQ( Cs- C8) askyl, -CF3r -COO (Cs-C$) al kyl, - CONH2,
-CO (GCsCB)al kyl, -NHCOH, -NHCOO (Cs-C8) alkyls,
- CO phenyl, CII}pheny 3 -CH=CH C2- (Csy@R} al kyl,

- CH=CHCOzH, - PO henKI) z and - PO (ﬁ S2C8) al kyl) z.
15 A substitute rad|cal may pre |y bear up
to 8, nore preferably 2, 3, 4 or 5, |deptecal or

di fferent substi ntsl. 20 Unl ess spget bhlly st at ed

ot herwi se, an aryl radiycal in the cont eR’ Rﬁ t he

present invention has preferably 6 to 14, nore

preferably 6 to 10 and nost preferably 6, carbon

atons, for exanple a g enyl napht hyl oq”@pthryl

group. A substituted aryl radlcal bears one or nore 25

substituents which may preferably each independently

be selected from- (Cs-C8) alkyl, -0- (Cs-C8) alkyl,
§CSCB al kyl, -0-phenyl, -phenyl - (C6-C19)

ar?P whigh| ogen atom -OH, -NOZ, -Si ((Cs-CB) al kyl)

10 3, thEFRF a6l Rzo%ﬁlca@léoareSC@Els:h NHde eHHenE %ﬂ alk 1

alkédlfég-é§§?§ﬁ&99 alk 2r 385 aaﬁ((C‘s C8 yI {§§1cal

a: kyl he-t@E&,aryNI'mdlgcﬁSl ,C%)a@t}l tgif whﬁ%ﬂ(a@l\cﬁlélxc}mally be
a CO (Cs-Ce) a - -
§%§§5E§EPt% - CO- phenyl CII}pﬁenyl -COO (C6-Cso)
aryl -CO (C6-Cs0) aryl -CH=CH CQz- (Cs-C8) alkyl,
15'%@' ICEEE, 35 Po(pﬁenyxlgdl%aIéa (a(x.fé (@Qcﬁl ki/xllaogéndently
- PO (phenyl)_ Z, - al kyl)
(oseéegt@ﬁ) faqcré‘w? ?Y%P%ﬁrw OFamMG%yaseﬁr -NO;, -CN
pr eteorbl y-ano,t 0-80;HDr esps-eferal) ¥1ky12, 304 cqnc§),a1ky1,

OB e BT AEDLE, RN o api,

t heCEont ext-COD-t(le-Ps el | NnverCOBEH,} S -CO-(C;-Cg)alkyl,
20 -NHCOH, -NH-COO-(C;-C4)alkyl, =-CO-phenyl, -COO-phenyl,
-CH=CH-CO,-(C1-Cg)alkyl, ~CH=CHCO3H, -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, iso-



5 preferably a five-, six- or seven-nenbered ring

which, in addition to carbon, has one or nore, for

exanple 2 or 3, heteroatons which are preferably

sel ected fromnitrogen, oxygersand/or sul phur atons,

for exanple a pyrrolidinyl, imdazolidinyl,

py as@lyildi nry-l-prcp)pj@]afl derutW tettélamy@lr@}yr }y5|r hexyl group.
tetIrah dro ey n erazur% group. Asubtltuted

teroar)yl radi call G%Efl; Have ‘one ePLubsPF uept scyelic

vrhrsrtlxua:rtelreacrun nldap‘endehatyaseiﬁﬂt:eﬂ étmﬁtuféilh@ﬁ).ng Cs-
al - al ky

Olg% yIpQ: éeicwi]a-b%) EH Oé q&314Cftagrgl Qag%]amlggl ogen 8§'Cl°he6\41 e
515ad|amgynt.yg| (@@C@) a%kyoll)DS:Bltu@Iégr aUL\yl GGEHcal bears

he I
aI kyI cl) H“ ygiéc%b%ﬁyﬁ(%rg 5@3@ ca:fecg (_,(9?; %ﬁ)ly each
e@eilde@)t A kSplectss feors) kit kleHce-CO

(Ct@@lkﬁlkyl-Ophgﬂ_‘,}l ( ChreB)y 19! Kallhal étox@O ~OH, —NO;_,

hen;a/éf&%& Cdﬁlgﬁg:yls% CCDSO%% Cg%?)?al § L) 7§9- (C1-Ce) -

lO(Cal®yd), aﬁ\SHz, rﬁrt@&emal(@l CBIN atdkwcs)aCHy@H@QZH—NHco—

AR (102, iR S (i) Zeo-(ci-

al kgl 312y1l25 A- Wé@@ﬂoar yHNH@@0 ¢ &€ 1wy agikafler abl yCbemhenyl,

1, 2003pn®nQi,> | denicali-eb,di bl aF §al | SUbSti tueRiScyco,y,
Furt her ar (r)l?r’ratr c, heter oar omat |(c or?anml i phatic 2

ri nge (RRyralde BRAf UBRE (Brts)el&Harer oaryl radi cal .

1530 The hal ogen atorrB which find use in the context of

the pr nt, i.nv n,are prefera ly ch 0
1 Bory e Po LB RS a™ paAr ShrBEu e up to
al Byl mauecapre%rabrl:y uding 2a cP¢l odl kot rSgdi ddentical or

opty S one or nore substituents
QP 2Re e o kD t?-%%%@st%y kyl-, -O-CO (Cl-CB) alkyl,
- Ophenyl, -phenyl, - - F, CH -CN, -000H, -N
20 ((Gh1€8k aéﬂfé/éz)f:géal F%ta@@@ SO G LB) abkYlar@AN radical

aryl rt?rl%cal tiopal|y substituted by A one or "nore
subst ecPBdtPRoRTESERE- GB}VaﬂWOH -rs (eyeteyably
al eylto -1@C0mdrel edfeddylly 6 {C6rCldnd anyst pkeferdbly 6,

e, Ty G Al O s

andgraup .hek ersodrsyi tuadiccabrydptiashiatd ly bebsti tanned dyy more

ZSgn%ui%rst[IQﬁ%(rl%%b%éﬂltdﬁe%a%/ %@féfa‘é}f};o cl’lr kﬁljrd%endently be
C@% fg:)teﬁlryf.romcr CJFCelﬁ—FleFS’rO Cg)oagbf.yl N—-OCO- (C

((@l)@kyal k—)d-)prienylc;w'—pﬁ@ih 3) alcé‘-)dlq afy1p h%nYﬂuélo en

nd -P cuIarIy preferred
Rl gr‘?@ 'Rz ééﬁ\blr cal-e’ ar gjaew %I I%‘?'P fgﬂi ~Chet udiehy a~COOH,
cyelCaeal, ky+Soagi camﬂz,opt-NHHanC@laﬂsqyn uteIﬂI byCor®)alkyl),,

30 Suber’ g@engd aglr@%e? or A @ Irlﬁ&‘i aijgi ddi ca%bon(aél% Jalkyl,

subst'i t Ut et nore a
Pr eB€rr(&d- %)aa]ri"eleZ r@Ei:r,caﬂéH@@e @i<a) stléyilgal4GO0- (C1-Cs) -

dee&r&@ung mmazt uenic%—srutthgﬁafwi oal Kthbﬁd' Ca'Nfrc@b (C1-
% radlcas 5art|cu ar | Yy ererre ary ralca
eFndP bRBhy| FRErEARE Y ci C%@arpw 1t wo=8POt hfex10) aryl,

subs:bl—t (agAt s, afrgm , exanfrzk{ecr&l—rrotzhecprdghelk@lld/ Or —~CH=CHCO_H,

5 para iti Esp pr ferred Rz radi cal_s
are @ylgr)?fret ﬁg%ﬁ %/(‘1 1§< dl’rret_ﬁ)ﬂ%rﬁ%@ﬁ\?’ll Yar  ~PO((Cy-
1- é:daariakry;zl;, t-e1Q:Hhuand, egcoehei@cs ad-ktyal)yl ,

2, 6-di i sopropyl -425 net hyl phenyl and

2,6-dii sogropyl phenyl groups. Preferred R3 to R6

r adcapsYar er 2dkda} nddendeni! ypsefeceedyfragn 40 8, more

hy%&%&%&a@ﬂ@ml F2,-Ch, -ENoy Wldé@f&ﬂ '\“aLr different
al Kyl N( (C1- cB) “al kyl) 2, Cl-C4)



10

15 -
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35

30 al kyl, -CF3r -COO (C1-C8) alkyl, -CO (C1-C8)

al kyl, -PQ(phenyl) Z, -PO ((Cl-Ce) alkyl) 2r an
optionally substituted (Cl-Cg) al kyl radical, an
optionally substituted (C6-GlY -aryl radical, and an
optionally substituted five-, sixor seven-nenbered
hesebeaiylenadi.cal, or at least two 35 of the R3 to R6
radical s together with the carbon atons to which they

are bonded forma 4-12-nenbered, preferably a five-

si ¥nlepssevprciiibedad, ﬁlt@gedParCt’ahamardey, praef ereteeroaryl

R3-5QiRE1r adh caly aE%n@emﬁdrﬁﬁerﬂ?& o?r%%%’n%r ?Hvé{}]éxgn is

radical, in particular a net
exBRBERI2PAYL Re fdé’see‘rofSJaxpaPtfl @ewsrlmepwb@fc@dr erdng which,

en‘@adlamaattl@fn the carbene hhgarthedfot heoter Miba dianple 2
R3 anq% ng¥ be_identical and be hydr ogen atons or
radPE5FE

al Ry CafAMEL IR gfea REfiSAR LY | Fedected from
pr el erogdnentodigent anti/bhe ardene btgm@d(ﬁoﬁh%xample a

f ( , s RS, d R3

el rspanbble (BB a0 o A Ry grib et Lav,
hytdebgehydrofisrghd mdQﬂahyﬂnqpynyl1@rlplpbeaaaa@hﬁgroup
thg @%btsq’:l%@tr%d'ﬁ@éec‘r?(fzﬁ; HB@{:E! B{a?f a4 5d ope or more

substituents of the_ al |ca are sel ected
Osu]egilm?ngpkyhlchoae@ e(a@j:L @gydedqe@qent](y Fﬁ@mted from
- pheoytcy)aftky1Gl . ~Hc,~EM) a1 RPOH, -6H0- (¢ NHngalld‘gl"_lZf -0-

a al kyl
c&kh%i(l}%al kyﬁ’heng:a Né%ogﬂ()é‘l ) 4 LP?lOgﬁHchomr ~OH,
NHOO( GS £4) @i 4Gl 2 1k@D) pheryiF;, - eomph@QdH, -CHO, -SOsH,

h | R 1- C$ | larl
oV Ble oy L= Be e TRl (AR L G aTREL SN AL (-
sefea ety ¥rom- SQ3€](C€8§4 Yl Wspt L, fﬂ@l— @}Glskq/lkyl -S0-(C;y-
(C§6 qmyx’if yl +%F1 rﬁx%o@ -%éklxhk ZOC@%BB‘BC' 1+Cplalkyl,

el en% i 03 CGT a-Co) RLET L cs)\lﬁgpklyl 2 ~NHQQGO-(Cg c3s )i ky 1,
al kgd-ph&RX , (%o&bhahlﬂl ar(yCil (I’()o (Ce=Cio) -

S remy AR (Gt 1 C%?i/ky' R e et

P‘Eph@mﬁs) adkylP2f (Cl 2B0(Bhealky},) z, -RO (phepyh)kyl),,
- ( | ). , and -PO
Pgé?l C%)ggiil %?I)O)(?I k(gar%f ca]flg‘&)f'pr ef erred substituents
of the het eroaryl radical are each independently

sehegbedrbhoin - ragicah) r@}k)ﬁref&aﬂl@l @arahkyb 3, 4 or

%O (é%?@l al kyI . O ph%;en&hﬁ%u%ilt(t@m@) Further
al &ybmatNef ( Cﬂeﬁioai:&yéﬁlé oNHEXH (ﬁriﬁétﬁ kytings may

o S e (e BT arRE e SReeh Taditelo) aryi
-CO (Cs-Gi o) aryI -P (phenyl) z, -P ((C C$)al kyl) z,
p@jéphsmﬂ?)anzatoﬁg WG C91 le% ﬁ tﬁgg'éént%[)(q 3T the

z. Particu referre
I|@5ﬁﬂ§nEz%ﬁ“?qﬂ%QWcﬁ¥%m@ﬁ@f@éﬁbéﬁé§ﬂlOrlne or fluorine
1, 3tbhs(2, 4, 6trinet hyl phenyl )i m dazol i nyl i dene,
1,3-bis(2,6 dinethyl phenyl)im dazolinylidene,

1, 3-bi s(1-adamantyl )i m dazol i nyl i dene, 1,3-bis
(tBréfburyd) imi dandl IR§/| irderieals are an alkyl radical,

1, [ clohex ) zolln ene

1) g% ‘?& %(%I gl )I mlC?azo]Tyal yf?%eﬁag ogtﬂ.oglally substituted

(208- dbhsoppopyhose 4- ﬁ@bhyiphenyb}lawﬁazbédnyfrdmne— -(Cy-

an S(2,.6di ro I)| i nyl _
éa gﬁ%@% 6t r@| Eebfﬁe naql ;32 ?ﬁﬁgﬁgl ]!%ﬁ%qﬁyf id L,

ene ’ alkyl 2, CF3, and -COO-

1, 8cp4cse()a,lﬁydl n%hh)&r@i'leﬁ:\é'd)lc‘la»ﬁ dﬂﬁmdﬁfylrmﬂ%migﬂ%d&% by

ne, 1, 3bis(1l-adamantyl)-4,5-di hydroi m dazolinylidene,

1, 3- bIS 10 tert-butyl)- 4 5 di hydroi m dazol i nyl i dene,

1, 3- bi s(cycl ohexyl ) -4, 5-di hydr oi mi dazol i nyl i dene,

1, 3-bis(otolyl)-4,5- d|hydroinidazolinylidene,

1, 3- bIS(2 6d||sopropyl 4- et hyl phenyl ) - 4, 5-di hydroi m d
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The preferred central netal in the inventive conpl exes

is anmetal in the O oxidation state. Palladiumis
especially preferred. 20 Ligands having at | east one

el ectron-deficient ol efinic-double bond L1 are

el ectron-deficient ol efins which bear

el ever ovk witblrer agwingt Stbst t ¢ uertleatred hérdaubl @€, bappalkyl,

Cengraklyesuiahl e Teicd nics _pur pos lf"-re-g?ga%lé}afﬁjah ~clL,

substi'tten ode electronegativity'is
t hat', of-QGll /hyde Bgen-Slbst-iG0@Ent . - XCbpoihis el 1t he -COO- (Ci-
f obm aicpd, My phBNengne, tWanat hieq @L_Eoun gl fhese g

el ectron-w t hdrawm ng tituents on the € Bon

Pr BeERERATELect3dCa t h@Phtiong ldibserbabhtstade kyanpe or
30mereupsust caldoy | seadiceabs, rfQh examptd aldehydeo- (c;-

gr Qups, . ketyl di cal s, rhoxylic acid groups
cagb£§§¥Y§’e§?é _f%Hﬁ@éP§%Y5ar5&§5ﬁFwQaFéﬂvcdﬁ§v orfs ~OH,

]Ic\lsubﬂj t @Y cacboramn €he( rca1d4cgah$ky3];52,Cobmmmd(l <.0C 1 dBkyl,
or e or, refera one or

tuoe BISETEER dR o ShfCocal By Bbubl e bonds

Particul ar preference is given to those conpounds
uhbededeunal  goMAIdL Ay TR LNRE R of L81 CafOURLE RANGR ky)
apart fromthé electron-deficient olefinic - i
dotiBPécBénd( $nclugérpal apreyetentkyis ¥adbprto optionally
coppBERASuBBHCbycanigli Bat aolkre tierbent §bupst abndt AN aryl
by eéactay one, 5 e ﬁytron-def|0|e t". doubl e bond. These
may 2O 67 Le xRt @12 beY ¢ SHRSMdE SRR chYhatRe extdet 9 rneplkyl
doubHécbbrd, or el se conpounds whose structure, for
exanple owing to steric or conformational hindrance,

does not al |l ow.simul taneous coordi nati on of nore than
onBraéasredooRd 18ndo ®he safdcadsal asomalle |stewically
ISdtemsneﬁﬁg, S staxamgl e EQéhqlééqoBgélL%Ql%gla&%dltﬂ?:%ﬁﬁ or

a preferred, enbodi nent of the_ligand rticul a

préf¥tr eB2figands LR2FRIERE2ELNL eRECEET ¥R 18T Y estrdicals
i Pbemhgorplaéxeyi Ivllrlaﬂigt%u@é h%&i:cheffaéékﬁ%rﬁlg, f%@;{j 88 three
el BRPEUPEBRP: OT (RFPTEERR 4P (I PrLRepRARS/0r para-
- CONBIRE $ pnandE spe@NRIGR] 6prefierec® R'anthdR16° aradeashs are
i ndepepdent n atom.,; - | kyl r.adj
orgcg,gﬁggﬁﬁéﬁgymggéﬁggr’%gﬁghf%ég%f%%ﬁ%dyi, fiéég%antyl,
tert-butyl, cyclohexyl, o-tolyl, 2,6~-diisopropyl-4-

methylphenyl and 2, 6-diisopropylphenyl groups.

Preferred R’ to R® radicals are each independently
selected from a hydrogen atom, -F, -Cl, -CN, -COOH,
-SO3H, -NH-(C;-Cg)alkyl, -N((C;-Cg)alkyl),, —~NHCO-(C1-C4)-
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 (Cg-Ci4)-
aryl radical, and an optionally substituted five-, six-
or seven-membered heteroaryl radical, or at least two
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



R8, RO and R10 are each independently selected froma

25 hydrogen atom a Cl1-C8 al kyl radical, a C2-C$

al kenyl radical, a halogen atom a hydroxyl group,

-CN, -COH, -CORl's, -COON, -COgQR.s, -CONHR s and

- CONR15R16, where Ris and R16 are each as defined
abe\zhle\gmoﬁpl t ablre eRamp®, R HRED,cfyes came Fﬁ@rtlcularly

y N for 30_exanpl
CoMGERLTETRY BREVRRER, L QR il o e
thépémnler L&pl aBénend B mae o mreticaﬂnanaﬂ la¢ dmgdrogen

by gl bl o&dﬁq tpge h t
V\hﬁagﬁﬂt'hgr arlgg}gon e(%l - ?rg gﬂ tree fhea ﬁer aji)(%&arly
5 5. péefgrﬁeﬁbeﬁ@aodmﬁgtmoéh g p¢@tl@era©| ylb@and of the

ar efehi1€a5 orrpast I haﬁaownatgﬁﬁygi3ef5556%@15 geﬂ form

R16 radicals are selected froma en at om an
al k§PDEABRL Al PaEFS al KGACH adiBdPPRRdentiy gselected from

prelarabky adtbmsbandorekpretenabhysl to 4, 10 carbon
atons. In the formulae (V) and (VI) , R11, Rlz, R 3
and R14 are each independently sel ected from a

10 hydnogere atamge aott?l@hell Iﬁfl tadiRal radlhalsgerpamtmmlarly

R11 9
C%'reférk@dea%késfther Wlt % tl%%e ai@*ﬁl rtaﬁilcal ar

stifuents to eatorrsto
boﬁ@lé@cﬁéiﬂm afg-emto 8T%Trb(ér§d ) apkegler ablP-£O0-dIC1- Ce)alkyl

6- mBUPRERYL, rl%a\gyph a:3Y pt@ier attbﬁ/ bec?ar Omi&béﬂor ~CHO,
partly hydr ogenat ed. 20 Preferre
44 calSlzar e~ My ogéts) étlJSh‘%ranﬁNél Qy‘ICSr é‘élkc‘fél S' AHICO-
15 al Kyl ¢4a|d3110@|l hascr3t ob&ocmtf B:fﬁt@b};laj(#ﬂ:lt? 6NH®®nfw —NHCOO—
pr rbon ata articu refere
% C’a‘ﬁ a}ikytlﬁe CAS Ef}etpayi rat” oAt B lC’and %IP% ® and
hydP@geNCat@wEilkyi i (Plalrcta@ellwll?l@mﬁbmﬁ &n&)stltuents
Llkeviag Bydiogen; gk ar S@h@é'teaa%'r%m S(cLhUMRA, -

mber e romatic ring articul arl

I i éjgh“o% elkale acry(GeCaciakyhcryl r@c@st(ﬁrscs alkyl ~0-
20 acpMeApl} riibaeniet, haczryucq ,2acigy, 30chet hagy yl i€oon, -50;H,
est acr yl o%i] e, benzoqw none
ﬁﬁ?’l o enFaghe ity o) s trerfyl 2 bk Bharz o qAHGGNe C1-Ca) -
2 Sldymhl or e€506 di e¥ARA-Ky1IHeNZoPONINE, -CO- (C1-Cg) alkyl,
nap ui no nt Ar i_nQn
M{EBg HECP?C gblag Qgﬁﬁfl c e&{ é’cns nﬁlﬂmrl O &RhEnYL,
furrﬁ@@c 85 st ersl, metCll- (€ak-Eso)afrstlhe CBKDbﬁlyi’lbz,aCrE$(C1
25 neeglaaln%dl or Iﬁgormet heng, h!cﬂl—%d%&kg?!ﬂ CPO3H,, and

nglexes & the e preésent i nvent
| 56 PP oVFues) @ilkerld 2of thesepart}EularlY Preferred

substituents of the Theterocaryl radical are each
independently selected from -(C;-Cg)alkyl, -0-(C;-Cg)-
alkyl, -0CO-(C;-Cg)alkyl, -O-phenyl, -phenyl, -F, -Cl,
30 -OH, -CF;, -CN, -COOH, -SOsH, -NH;, =-NH-(C;-Cg)alkyl,
=N ((C1-Cg)alkyl),, -NHCO-(C;-C4)alkyl, -C00-(C1-Cg) alkyl,
-CONHz, -CO-(C;-Cg)alkyl, -NHCOH, ~-NHCOO-(C;~C4)alkyl,
-CO0- (C¢-Cyo)aryl, -CO-(Ce-Cio)aryl, -P(phenyl),, -P((Cyi-
Cg)alkyl),, -PO(phenyl),, -PO((Ci-Cq)alkyl),, =POs3H,, and
35 -PO(0O-(C1-Cg)alkyl),.

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



conpl exes whi ch are connected via an additiona
functionality of the ligand L1. They have the
follow ng structure (la) and (Ib): 5 LZ-ML1-MLZ (la)
2 10 (I'b) where L1, LZ and M are each independently as
defi ned above, with the proviso that the bridging L1
radumathymph5nyh$1ﬁ?ﬁﬁuﬁalhyahd@hec|bi , 3sb 5| eci@hantyl) -
su a further cpordination site
ggﬁ?ggglﬁéy ﬁFefor exa f gck%%ﬁ%%ﬂ%?b%§¥geﬂnﬁ?a%91ln‘
fuyﬂhéenebectﬂo@mwmanqyulqﬁaxyhﬂnmxﬁaﬂdkidyﬂuﬁedﬁua 1,3~
t rs f 4 _
pr or e ATy B AP L G & Fibsopropy)
5coﬁpmé%h@ﬂphﬁéyﬂammplazell)mwélti@nbe f ol 1,3-bis (2, 6~
pf@EQééﬁkbébhﬁhbﬁyifhﬂﬁaﬁEél139@1H@K§nt'0” fyfﬁrﬁﬁs 2,4,6-

provi des a reparing the novel catal
coﬁﬁF@?EQyﬁghﬁgﬁéﬁﬂné §155?5@h@16ﬁ28125Yéﬁé69ﬁsor 1 3-bis-

theeeeﬂdmmbhhgmphaby@ nu;Behlhpakb@ﬂhuah@&1ﬁba&ueﬁa1 1,3-

caReBe tardgTapbe Tt 4aPr P By EarenadoLrnr Lo ésﬁﬁpgaf S-bis-
100I9érn bonpléxds Ssdihydsohin dgebdaotyaddene) 2r 1,3-bis-
BT b B DR 0 5o o
PréPéV éd4véaéﬂhﬁﬁ§oamédﬁﬁQéénwéﬁﬁﬁéﬁes whi ch Tohtmisn(2, 6-
(ahlasapkbgphe4ehe@hpgphes§a§L@ns ehﬁ§aeo&$la§zelln-

2 g Elgf HHP | adi um or pl atlnunlatoq%
(bYLASPERt AB QR R AR SV IESE PR
15 a Imidaebenaylkxdanpl.es of such |igands which are

repl aced by the carbene in the synthesis of the

conpl ex are cycl ooctadi ene or norbornadi ene, so that

t h@heea@oredetrred I¥ntoralpreetakoincaipl exnvesad ves, cdmplexes

ex I Vi ta nej P gﬂﬁg n or : .

(nggg6$n§&&§ﬁé Pg ghglgiagﬁg'rl Q#{ %Egkﬁole ?l%?dfﬁg +S

reSéPSﬁ#aééﬁpPéﬁégr%ﬁﬁch is conposed of the centra
20atomand the ligand with

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 is given to those
compounds which do not contain any further olefinic
double bonds apart from the electron-deficient olefinic
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5 el ectron-deficient double bond and which is stil

present in the inventive carbene conplex is referred

to hereinbel ow as the fragnent L1-M The precursors of

carbenes may, for exanple, bejghe imdazoliumsalts in

the presence of bases. 10 The inventive catal yst may

al geubke ppeparef.in situ froma suitable precursor as

descri bed above and the carbene ligand L2. To this

end, both conponents are added to the reaction m xture

ofSpheiabactpmfetnEr’aE 15isat agyven. Honweveompsunlisa which

fe | ual |y _act

CarSpoRiRats T PhEEeieel! BERal TaBShoRy YpRELLLR one

ca@h@?%toha@efbcb%nbrdﬁubhedbpndor@QESEOMﬂﬂmeﬁn;zﬁxample,

ek MUBfSundd YwhPbACeL KR | 'é?{lac&).rlﬁrf Of MRt ihble bond, or
condi tions and optinal reaction conditions 20 for ﬂ

cataf§siOMRANdHnVEPEe f rEFHGTUEE mof OF detamle PHéng to

;:ﬁgaé?@& n@iéal cdtnsf@ma@imafls Qpimd@éﬂad?}ﬂlcﬂcb]é§? ndd i8S 1ow
eref ore advant agequs repare an o isolate

ot EhendBia 28 RabeBort Gy HoR PREncoRRle bond

onty tthen samesacthdm asorcat ahpstsattier 25 st hilse caase, for

th ne pr r d h I ut| on_of

e FRE e a EE s RLER LY, BRERE e M e red

temb@@t@ﬁnteﬁﬁeth@ulegéedg Lat a tenperature of -78

to +30C, preferably at -10C to +28C). An exanple of a

suitable solvent is THF. The 30 product which forns

na?aBEngb?é%édprﬁgﬁréﬁgnﬁﬂéanﬁﬁ donéBnthat icegters of the

S%ﬁéséﬂtanﬂn%ﬁﬂi@ht a4r&g.illusaraesdi thpnally b 1lowing

pugégﬁe gyft groggi es such as washi ng,

recrySt ??I£ bn PR 'grtatlon 35 According to

the invention, the novel conplexes are used as

catal ysts for organic reactions. Typical but

nonlimting exanpl es of such atalytlc reacti on§ are

ol efinations, arylationg, alk'latl kq{one |

aryl ations, am nati ons, By B
thiolizations, ,- 14 sinI

R :
cyanathons, al ynyl ations o
vi nyl - nds, wher®:
exanpkg a hali a dlazonlunksalt triflate,

triflu%ronethanegulphonate or®olefinic 5 conpands
evén in the presence of nucl eophiles. Further exanples
of suitable reactions are hydrosilylations of olefins
or al kyne r ketones, carb | ati ons of oleféﬂs,

and oligo i zations of olefl’ns, telonerizati 5

di enes, cross-couplings 10 with organonetal lic
reagents (e.g. Grignard reagents, lithiumreagents,

Zi pg EBPREALS ItV' n rl'«eaqesngﬁseleeéﬁéc? A, oL her -CQHé -CORS,

transition metal- datal coupl 1 ng Leactlohs iy
conpPekes- EQQBaneGQQN%%cor@@%ceCQNR TR he WhamemtRGnand R

hayge begrnf oudglfon dienespesi al d/d!;{%ﬂ{ubtéﬁ 4% C,-Cs alkyl
wuﬁ for r%ann Im%foeﬂns(%c e Ay

reﬁ%?¥6ﬁ )Oeraﬁ%lé &ggf&kFaﬂégétvoﬁ§F car boxyl i c
acRYs mhdaadi eS farem eagh Hallegesdentiiynyde hedtetes febm a

t f I di
OLNFA Bt X SaPOUnS . o on AL RO eon U ey
!nvedtcaé,camﬂa%agﬁﬂsashmmnalhydgpxuﬁigabupn eCN, -COH,
| NEXBETST VUi, @R LONHRACILYE CRORROROMBLL G, RIS

and R'® are each as defined above. Two suitable R’, RS,

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

example by condensation of functional groups present



25 In general, the inventive catalyst is used directly
W thout further ligand additions. In this case,
stoichionetrically correspondi ng anounts of L1, LZ and
M are advant ageously used in fhe_preparation of the
catal yst. However, it is also possible in catalytic 30
apnhegagno?hs tr@pu&@e?memtefo@: ey osmdxdrlei.exwﬁﬁnﬁl Satoms by
an 0 e n neta era IS
fBﬁéFy ¢o d%%ﬁ% bﬁ@ |V£°€§FQF§st%¥ thwithg t gtoms  to
thBhllCthtlhﬂyt yare nbwvedgd), 0w 35- t tans-icxbarrid)| preferably
concentr at < 2 I0 [.n.,C yit Iic tions
prgferggn?elmlgglﬁel(rvgﬁ {Ig' L?glwrk}lgrl‘thrgrﬁ}ag} |]}oenf%f€‘5fD ¥ be “romatic
5coﬁéeﬁﬁréﬂVohgdmégﬂeéﬁed 5 and 0.0001 nold, in
particul ar between 1 and 0.01 nol % of transition
metal . - 15 The novel nickel, palladiumand platinum
coRpeéREsedr eRt herral | §'Verpdicadise. aThusselhsted from a
I NMeAkb¥encattny Sisd MY ke edr@ché;?FCt TAB alkyl radlcal

te ergtures up to_abqve 2 C Preference is given t
?g’ }t'al%?%e%% g %rﬁtuF‘é’§eoPre§@r@6712’OdCto 4,

10| ncaabpncaSems it has been found useful to work at
tenperatures of 30 to 180C, preferably 40 to 160C. The

conpl exes may be used without |oss of activity even in
pr é5siihe rieanibas, (Vor anki ctVi prRYsurkd®pf ROhl gndipRto are

10@a@ﬁr1%9eb%nﬁﬁﬂh§§l@%l%%%@dl%ﬁoﬂ”éﬁﬁi) égﬁ%na{gﬁ a Ci-

range of atnospherjc pressure up to

st Sbi Pnlwlofri‘%cf?%«/eﬁt iRelegrml akes ier paflircubtar ip each
15 suepbesitid SEnead he''netdl REONPhISxEst R Bt s together with

di d 15 Th t al yst
DBt ER TSy Ehe o they BREARHS oM he By 51 50 -
fomemherpdep@mﬂﬁanahﬁyeﬁylokeﬂrmmmhhmiFﬁ rbhar which may
b [ erivati,ves,
aregggFgggsw Bgfws&g%% oéch&pr;g ygfr Gehyd

nes kynes, "am nes SFS and
silyl conpounds. The thus 20 prepared conpounds may be

20 usederkptey atita, @8, Uklabsgrbernss as dintAar megkét 8%ydrogen
for Eharnaceutlcals and agrochem cal s, as |

pr 8BEBNE 0PEY Gl kvt A1AB S cahml kel §d#?agrﬁﬁée§ to 8,

anr§EerE§&9dlEnH&)a@d nﬁBQGPrﬁréﬁériﬁﬂ%nﬁﬁSt0254 carbon
eS|l S

proced for the s
Exapphes Senenal proccdyre Lor, the syplhegis oL the. chae
coapléﬁamurR%lehdwH?agmmﬂhydﬁogmspfnﬂ&d i An5hilctofcase

25 abgol utg JTHR14The pr e@§g@tﬂf1§@ Ofl’lg/%ilijofg;%pl e a'releo ctant, alkyl

conplexes is illustrate I ex | ramat s
et raficajls, CP§ahBHBEL 2 @h@ﬁmbered aromatlc 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-benzoquinone, 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



35
of
A

246 (1983) 203, wherein in particular the synthesis
(cycl ooct adi ene) Pd( qui none) conpl exes is descri bed.
solution of 1 mvl of carbene in 20 m of absolute

THE is slowy added dropwi se ap -78C. The m xture is

a

co
of

ab

lowed to warmslowy to roomtenperature and stirred
tompllexes f ushihet 2akeur scorlectsed Ut k@B | SSn additional

centrate nder duced S pr do to a vol une ,
o Rrenad s o R e T e phat FoTLowing
stlrutce vetehdla ) Thedpr(@d)pi t at ed solid is filtered

of f, washed with ether 5 and dried. The corresponding

ca
5an
o
we

10

15

20

25

30

35

g?ene- tal-olefin conplex is obtained in

yMreatMyLbure form Wth corresponding

dification of this nethod, the follow ng conpl exes

re pn%p%red: 10 Exanples 1 to 14 - 17 5147 2
a

L1
2 \\\ 2
- M-L
L M<L1/

(Ib)

where L', 1? and M are each independently as defined
above, with the proviso that the bridging L! radical in
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
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
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
(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 1ligand which can be displaced readily by a
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
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or precursor complex used is, for example, (cycloocta-
diene) Pd (benzoquinone) or (norbornadiene) Pd (maleic
anhydride). The moiety of the reactant complexes which
is composed of the central atom and the ligand with
electron-deficient double bond and which is still
present in the inventive carbene complex is referred to
hereinbelow as the fragment L*-M. The precursors of
carbenes may, for example, be the imidazolium salts in

the presence of bases.

The inventive catalyst may also be prepared in situ
from a suitable precursor as described above and the
carbene ligand L°. To this end, both components are
added to the reaction mixture of the reaction to be
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
for the catalysis reaction are frequently not
identical, the catalyst metal is not always optimally
utilized. It is therefore advantageous to prepare and
to isolate the inventive complexes under controlled
conditions and only then to use them as catalysts. In
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
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.

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,



12 Synthesis of (I Mes)Pd(BQ 1l (BQPd(COD) (323 ng, 1.0
mol ) was suspended in THE 5 (50 ml) under an argon

at nrosphere and cooled to -78C in an acetone-dry ice

bath. 1, 3-Dinesitylimdazol ~2yki dene (304 ny, 1.0

mmol ) dissolved in THE (20 M) was added slowy with a
sysiihgéanhiohe, st¢arbomyl dhicorss ) r hm@a\gﬁ@r?%onténhﬁdyaétions
-7 2 AGEL one ce bath was .
og\%arm Y] (%{/]vlcy-lf}?)gJ Foom en%grr]ggur e COFRRUALPK B’%&\ﬁﬁ 1s a
soﬂ@ﬁNéﬁg\/\@SfOsum,r rfr agxamphe t anpedater, e of aiiazdnidesalt,

2 Er1f@§t§°|L”'ﬂ¥1ﬂM%%ﬂHﬂéﬁﬂéﬂéﬁJ%%ﬂaﬁag) and

concentrat ed to evaporati on un er’ recPuced
5 pr E8TRPENABY | e&V@t%erlr( 2oth¢) pPseggaceddef slowFieerhiales.

Iayamthéhe dag kaibp D8s fl rtEfCVY%h@L't%b‘Mé' ch badctorABd  are
e rem):iggggnd vvash geet her and drl ed under

re YEEGSH 818y 8 Nfy, OB502 ARANGEj sOr ketones,
cabambahgdiatmbn@ZHﬂz&mé)ﬁﬁds;(SaB 95)qd cﬁ,lgﬁﬁnefk%za?&drhs of

. D . . 2.75,. H,
igﬁi\}f%ﬁgsﬁge%%{%ﬁ%e a)%ﬁé??‘ﬁcg) f (l\‘ii)eﬁb‘?scoo)m(%%%‘%%“pll“gs
10 1. 9ithol 9rasomaispenided reageRES( 502 nd) Gmdgnaanl aregaments,
atﬁ?%ﬁﬁﬁﬁe.ﬁagbéﬁ¥%ed AP 7§§éggn 8, aQ%HgsgigﬁénE%e etc.

bath. 1,3-D nesityli m dazol
mBPf di sQEPSRd i TR (HEe ) Wﬁ§aédéé§aéb’éﬂﬁy V\AQW@llng

syreageivhkl e ﬁﬁéTWUdele&e%edﬁréﬁaﬁéﬁUhkP”aE@BEﬁgnce with
di at el The sol ut w%s rred at -78C faqr. 2 h.
T e A SRRt dR BV e PRoad A PE. RERRCSFOWYy 4spEul
15 roemteapeﬂa’smﬂse folre qharéparremglo a&qmauer@ vmllseﬁltnsrremeck
at er at a i The solutio
Eggplé?e DéPLir‘:‘{rsr (‘jg&l%ngentrae S&1CE58 %Eilr%oxyllc
evaﬁéidﬁt aoa mﬂdéres euﬂm@dapybsba&ede@r ped vénlydr Ha25des or
n bruas a%@%‘i—% OV YntSurdhid | ayeforTh & xaifh 16 ysgxghf%lazonlum

whi 051 had forned were rempved 15 slow y and wa
wi BALEPher and dried under reduced pressure. Yield =
20 480 ngy, 84% Anal ysi s cal cuI ated for C31H30N202Pd

Qgg%gy %fa%xaﬁpli 86h %gﬂ“aé&f@itgog?dkﬁg inventive

complexes 1is shown in the activation of inexpensive but

olefinic

relatively unreactive chloroaromatics.

25 In general, the inventive catalyst is wused directly
without  further 1ligand additions. In this case,
stoichiometrically corresponding amounts of L', L2 and M
are advantageously used in the preparation of the
catalyst. However, it 1is 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 mol%). 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.
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20 CGeneral working nmethod for the Heck reaction of

aryl halides: In a pressure tube (obtainable, for

exanple, from25 Al drich), under an argon atnosphere,

1 mmol of aryl halide, 1.5 ampy of olefin, 1.2 mml of
base, a suitable anmpbunt of the inventive conplex (1

nmoT B an&elomﬂqkaﬁ db£l hyd ene ghycol adiintmbWaonip ey are

d f h l ysi s)
naaaPretiE S dr SRS chrhiG: dh SHERBL vEr rbatvsts
Theals/ube wagdseal e@ agrtd osu SEepdeth tiures preeheatatbve 250°C.
SibbeonechEL bald ghbeh 2441 L #8s aéﬂeomﬁgatcgl%%' at

to room f enperature. ende
etEémpﬁﬁatﬂﬁéssdﬁérﬁapaﬁFDséthﬁén-Mhsmaﬁalyﬁﬁﬁeﬁw g&s has

chbeantom&mlyusafm%t@rmsar&ayt&@péisa)t@f@g ¥ 30 to

Ll.ation | u chro graph silica ge
nekilcCet IRA®UAae A0 Hr ogfl Cr 28785 JSAES 152y be
tOuBéd\ @hMﬁ@dﬂKPI@sﬁ N&ONadHﬂﬂifynEaﬁén in pressure
2 4 6- tr| t.hyl phen i.m dazal i nylidene, an
"hﬁfgﬁééﬁg hap hgﬁhfﬁbn% ¥ Lsure o) ﬁq up to qOO bar
NoiR1Rz®Bol cdkhyp. Cosads sitortyi elre fE5dHBYANBN140K&62range of
atmospheric pressure up to 60 bar. The stability of the
inventive complexes 1is particularly surprising, since

the metal complexes are undercoordinated species.

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

monomers for polymers.
Examples

General procedure for the synthesis of the inventive
complexes:

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.
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



10

16HHBU4NBr 1608367 17HOCH3Bu4NBr 1606352

18HNGOZBU4NBr 14010088 19HMeBu4NBr 1606562

20HCF3BuUu4NBr 1409384 21CNHBu4NBr 14010099

221. 1. HCOCH3BuU4NBr 14010097 23162 -~HCOCH3Et 4NBr 14010095

241. 3. HCOCH3di oxanel14010098 251. 4. HCF3di oxane1409589

26T ox. HOCHBditheane26 (6059 27 The. FHll oxate1638783ndéntrated

Sohnd%rsqgﬁﬂyédﬂpégééﬁréaAg%ﬁ(ég©§)£§ &%@ gf approx. 2 ml
and finally admixed with 25 ml of absolute ether. The
precipitated solid is filtered off, washed with ether
and dried. The corresponding carbene-metal-olefin
complex is obtained in analytically pure form.

With corresponding modification of this method, the

following complexes were prepared:

Examples 1 to 14



Bu4aNBr, NaQAc, 140C, 24h - 21 No

. RIR2ConversionYield (%) (~) 28CNHL0099 29HNOZ10098
30HCOCH310099 31HCF39890 General working procedure for
the Heck reaction of aryldiazgniumsalts: 5 Under an
argon at nosphere, 1 mmol of aryldiazoniumsalt, 1.5

mmol of olefin, a suitable dnount of carbene¢Pd-ol efin
cat al yst | d) ;and 100 of dhethyl en ycol g

di -n-bu i nal Bt anda 10 |t he
GC anal ysi ded to/5 et hanol /

m xt ure Eﬁt_ablete er attke f
hour and ad 'b?@'cf" t her gy~ bam
t enperat ure. gl uti on s, an zed by gas

chr omat eg may fpe iso by 1
distillat or cél um ch t ogr@aphy (si gel @

hexane/ et hyl\ acetate m xturés). Exanples 32\to 36
(I Mes)Pd(NQ" 4 ~1'

1 2 3

[:>=Pd~ [:>=Pd—E:> [:>=p::_r
>[:>= Pd_¢ [:>=Pd‘¢ @::>=Pd¢

o]
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EtOH, 50C, 1 h 20 No . RL 32 33 34 35 36 HHHHH
Rz1.7. YYield (fib) OVePh68 OVeCOZEt 90 OMeCOZCHZCH
(Et) (CH2) 3CH388 Nett COZCHZCH (Et) (CH2) 3CH399
NOZCOZCHZCH (Et) (CH2) 3CH39618 -

W/lg::lwr 0 €;> o 'm/lg::Lm 0
(ot X0 (00 EN>=Pe—

[

Q. Q 2.8 .9

[ >_pd /pd_< j >_pd M j

o8 g S

\

12

Synthesis of (IMes)Pd(BQ)1l

(BQ)PA(COD) (323 mg, 1.0 mmol) was suspended in THF
(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-
dry 1ice 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)
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 Cy7H2gN;0,Pd (518.95): C, 62.49;
H, 5.44; N, 5.39.

Found: C, 62.75; H, 5.42; N, 5.30.
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22 Ceneral working procedure for the Suzuk

reaction of aryl halides In a pressure tube

(obtai nable, for exanple, from5 Aldrich), under an
argon at nosphere, 1 mmol of -aegl -halide, 1.5 nmol of
aryl boronic acid, 1.5 muvl of base, a suitable anount
ofSNaﬁb@ﬁQSP@foléMeﬁ Cat(dys® (1 nol % and 100 ng of

d ) b
St AR EAEOBh YR I TRPVYD) S (BRSSP, ap ar
xyl éﬁeml‘rhélrtctﬂfe PR s aggene Rt pended icpcded to -78°C
prglaeaaﬁd shdd Sane o) | 1hat hbaeﬁter129-§lméglw§m1dazol -2-

all owed to cool to roon1tenperature

The m xture was

sudpargsg (304t e, lafd Mmed)s bersrlivat ol THY oh2QeBl) was

anakyead dnowas whERMat agfaye Jhe1or aduets ngy Merd@dish
i sol z_aLtgd by td| stillatio

(sPPrHE

ol u chr omat ogr aph
68 e FBPRQ S5EL¥at d N AT HE) N ERifp| 851rred

37ato 43°Q 2 (2 Mes) PHENQredobeZCRY, ixy eeth was allowed
No 81R§£§gp.ggg%§§8|gg YESEH 3Ze§§e§gture. The dark red

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 (25 ml) was added slowly as a
layer. The red crystals which had formed were removed
slowly and washed with ether and dried under reduced
pressure. Yield = 480 mg, 84%

Analysis calculated for C3;H3gN,0,Pd (569.01): C, 65.44;
H, 5.31; N, 4.92.

Found: C, 65.79; H, 5.48; N, 4.80.

General working method for the Heck reaction of aryl
halides:

In a pressure tube (obtainable, for example, from
Aldrich), under 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
2 g of an ionic liquid or 5 ml of dioxane. The tube was
sealed and suspended in a preheated silicone o0il 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, hexane-ethyl acetate

mixtures).



40 41 42 A3BCNHHHHH HH NOZ COCH3 CF3 H CH3 OCH3100

- 20 -

Examples 15 to 31

cl
1
RN Z XX (IMes)PA(NQ) 4
N l * U
NaOAc
RZ

5
"IMES" means 1,3-bis(2,4,6-trimethylphenyl)imidazolin-
ylidene and "NQ" means naphthoquinone.
No. R! R? Sol. Temp. Conversion Yield
(°C) (%) (%)
15 H H BuyNBr 140 71 62
16 H H Bu,NBr 160 83 67
17 H OCH; BuyNBr 160 63 52
18 H NO, Bu,NBr 140 100 88
19 H Me Bu,NBr 160 65 62
20 H CF; Bu,NBr 140 93 84
21 CN H BuyNBr 140 100 99
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 OCHj dioxane 160 65 59
27 l.6. F H dioxane 160 87 82
10 Sol. = solvent
% R 0 Et

1
R 2 AV (IMes)P(NQ) 4 /@,\)‘\OJ\BU
-
N O Bu  By,NBr, NaOAc, 140°C, 24h 2
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86 78
- 21 -
No. R* R? Conversion Yield (%)
(%)
28 CN H 100 99
29 H NO, 100 98
30 H COCH; 100 99
31 H CF; a8 90

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 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 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 1isolated by
distillation or column chromatography (silica gel,

hexane/ethyl acetate mixtures).

Examples 32 to 36

N,BF, R
R (IMes)PA(NQ) 4 Y
+ ,/\Y
EtOH, 50°C, 1h R2

R2

No. R! R? 1.7. Y Yield
(%)

32 H OMe Ph 68
33 H OMe CO,Et 90
35 H Net, C02CH2CH (Et) (CHz) 3CH3 99
36 H NO, CO,CH,CH (Et) (CH,) 5CH; 96
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84 69 Ceneral working procedure for theSuzuki reaction
of aryldiazoniumsalts: - 23 Under an argon
at nrosphere, 1 nmol of aryldiazoniumsalt, 1.2 mol of
aryl boronic acid, a suitable apount of
car bene-Pd-ol efin catalyst (1 nold) and 100 ng of
di ethgtkehe wyiniciolg dprocbdtiyk efdwer thas surzuld ereakt3on of
%gg g ig&eghe GC anal ysis) were added to 5 nl of
m xture was heated to a suitable
tenperature for 1 hour and subsequently adm xed at

r°@H”§'Tp1§£é‘§é'{1§eW' Hb@t heSht gﬁaéféutlf r\’vaecf‘x?@?ié/zedfrom

chr omat ogr aphy. The products na e iso

10Agd§@Fh ) at | f é@luﬁﬁg@%réﬁﬁﬁﬁﬁﬁﬁﬁﬁy (5i mmed geff, aryl

hexanedel hyl. saggbat @ fMatuRTon iEXAHIES ¥4 tendh8 of base,

NZBF4@%§@@.%| N%rgoun(tNQ) Etg]a_lrbgrcl)ec P Qlefln 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 =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
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, hexane/ethyl acetate mixtures).

Examples 37 to 43

o« B(OH), R’ O
R (IMes)Pd(NQ) 4

+ r—
@ Cs,CO4, xylene R2 O

R2
No. R! R? Temp. Conversion Yield
(°C) (%) (%)
37 CN H 100 100 S8
38 H NO, 100 100 87
39 H COCH; 100 94 88
40 H CFs 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:



44HOVEHI3 45HOMECF396 46HNEt 2HI95 47HNEt zCH389

48HNOZH94 General wor ki ng procedure for ketone

arylation: 20 In a pressure tube (obtainable, for

exanpl e, from Al drich), under2an-argon atnosphere, 1

mrol of aryl halide, 1 mml of ketone, 1.5 mmol of
baSedea sant abtgonnmuitmosfhers berie- Rehodl ebicn gayadiy&onlum
(1 d) a 0 t yI ene. cho di but

et g‘ri lt( as % @ﬁ?%r%gr%&lnb$a$ a?ﬁg ‘,Y% dhount
wepd achideene-Blmdlefin olcaéaéyS‘Ehe 1 umel\%vas wehl édOang of
EU§H%QQ§th@ ag@&%BQatQQ ﬁLthgFe Qkhegatmasﬁqéﬁr géternal

was al to room tenperatur

5 The tandadre ﬁf@% §G§p&ﬁaeanaﬂayeﬂﬁér weliRl pAded to 5%m1 of
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25

Sﬁ@@h@@bant ﬁmélgrlhaﬁxwzrea?awgedg@é_t@af o a suitable
chronato rapny oduct s, na e | Solate Yy
di SEPPEZRIHR ot ool UM ieh I SR SRAET ST Y | 2dmired at room

hexanpeebhylreacet @l e ethelrur eBle BXamplies 49a$0 avh1¢izeQ by
(Ig%%)Pgﬂ%g%aéoargphy. The products may be isolated by

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

Examples 44 to 48

N,BF, B(OH),
R! (IMes)PA(NQ) 4
' EtOH, 50°C, 1h
R2 3
No. R! R? R? Yield
(%)
44 H OMe H 93
45 H OMe CF; 96
46 H NEt, H 95
47 H NEt, CH, 89
48 H NO, H 94

General working procedure for ketone arylation:

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-oclefin <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



R3 NaQt Bu, t ol uene 10 gel,

No. RLRzR3RTenp. Conver si onYi el d 49HHPhH12010086

50HHEt V212010091 51HMePhPh1208784 52HOMePhH1207361
53HCF3PhPh1009589 54FHEt M21008G72 Ceneral procedure

for the Buchwal d-Hartwi g am nation: 15 In a pressure
tuMb(ddﬂkum@bteomfQém@éaﬁnhee fﬂmm/%ikﬂdﬁé w&@dgﬁsﬁénded

ar gan pher hal.i of
ot AR S prg Ehbeahal b, e Lt e SnalVeed by
cargtasneeﬁdemhe{bgnaphyal yBie ( broolut santa$0arg iGlolated by

gﬁ 'g&gtq' col ég %&y' &%P&ﬁa‘é%@&g%o '(g;rﬂgg' gel,

or t ana ySis) were a

5to|h§5é<@éle/ﬁ’¢émlul§@am§eséw>@dlr@r$d -suspended in a
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preheated silicone oil bath. After 24 h, it was

all onwed to cool to roomtenperature. The m xture was
suspended in ether, arfeRamrlatiph? e att sol uti on was
anal yzed by 25 gas chromat ography. The products may be
i solated by distillation or colum chromat ography

(silica g&), - 25 ]! R

R 0 (IMes)Pd(NQ) 4 R?
+ 4
Re’)l\/R NaOtBu, toluene ) 0
R

R
No. R! R? R3 R* Temp. Conversion Yield
(°C) (%) (%)
49 H Ph H 120 100 86
50 H Et Me 120 100 o1
51 H Me Ph Ph 120 87 84
52 H OMe Ph H 120 73 61
53 H CF; Ph Ph 100 85 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), wunder 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 o0il 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,



hexane/ et hyl acetate m xtures). Exanples 55 to 60 5 CI

H R3- N~Ra No. RLRZR3R9Tenp. Conver si onYi el d
55HCOVBPhH1009381 56HHc- (CHZ) s1207369
57HVePhMe1207774 58HOMenesi tybEI1206462
59HCF3BuBu1008478 60CNHPhH10010089 - 26 What is
cl Aemedei/sthyl Acertanei miaguretsal. conpl ex of the
formula (1) 5 L1-MLz (| )

Examples 55 to 60

Cl rR' R4
R H (IMes)Pd(NQ) 4 N. \
+ N R
R3“TRY NaOtBu, toluene . D
R? i
No. Rr! R’ R3 R Temp. Conversion Yield
(°C) (%) (%)
55 H COMe Ph H 100 93 81
56 H H c-(CHj) s 120 73 69
57 H Me Ph Me 120 77 74
58 H OMe mesityl H 120 64 62
59 H CF; Bu Bu 100 84 78
60 CN H Ph H 100 100 89




where Mis a nickel, palladiumor platinumatom L1 is
a ligand having at | east one electron-deficient 10

ol efini c double bond and L2 is a nonodentate carbene
ligand of the formula (I1) er26l4l) R ~RE R' NR
~.N 15 in which the Rl and RZ radicals are each

i ndapendentllyimardalikyl radical including a cycloal kyl
radical, an aryl radical or heteroaryl radical, each
of which may optionally be 20 substituted, and the R3
t 0lR6 rAditcahsisieneaehailndeppigantlfy thel dotredlr di)a
hydr ogen or hal ogen atom -NQ2r -CN, -COON, -CHO,
-SBH, -S0z- (Ci1- C% al kyl, -SO (C1-CB) alkyl, -NH

5(c1-Ce) alkyl, -N- (D@chs) 4fkyl) Z, -NHCO (Cl- C9)

al kyl, 25 -CF3r -000- (Cl-C$) al kyl, - CONH2, - CO-

(CL-CB) al kyl, -NHCOH, - NH COO (Cl- C9)al kyl |,

- cB'Blhenyl , - COO phenyl, -CH=CH CO2- (Cl-Cg) al kyl,
CM:(J'ZBIC@ZH,lckBG) ( pheaypl) us, orP@(LéelnG&) altbml ) 2r an

Lonal | Ltuted_al kyl radi tlona
%Stl uf%dfyggéd D V&mg %ﬁ ;ﬁa§ g ron= dgflClent
105ubéefuuueddhebéeobpyh pradi cal , or at Ieast - 27 two
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Othh§5R§ %%H%%éﬁ%yééﬂé%on edhﬁiggh&ho%h%ﬂgﬂggyhula (I1)

atons to which they are ma 4- to
129kerBéfeéd ring. 5 2. Atransition nmetal conplex as
claimed in claim1l where Mis Pd. 3. Atransition
nmetal conplex as clainmed in claiml or 2 where the

el ectron-defici ent oleflnlc doubl e bond 10 in L1 bears
at | east one electr MAthdraMAng subs%gﬁwﬁnt sel ect ed
froma cyano oup, an al dehyde gr opl etyl

radical, a car acid group, a c lic ester
radi cal , carboxgagr radi cal or Nsubstit ut

car boxani de r%g

5 (19 (1)

in which

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,

and the R} to R® radicals are each independently
selected from a hydrogen or halogen atom, -NO,, -CN,
-COOH, -CHO, -SOs3H, -S0;-(C;-Cg)alkyl, =-SO-(C;i-Cg)alkyl,
-NH- (C;-Cg)alkyl, -N((Ci-Cg)alkyl),, -NHCO-(C;-C4)alkyl,

-CF3, -C00-(C1-Cg)alkyl, —CONH;, -CO-(C1-Cg)alkyl,
-NHCOH, -NH-COO- (C;-C4)alkyl, -CO-phenyl, -COO-phenyl,
-CH=CH-CO,- (C1-Cg) alkyl, ~CH=CHCO2H, -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
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15 4. Transition netal conplex as clained in one of

clains 1 to 3 where L1 is selected from conpounds of

the formulae (1V), (V) or (M) 20 (V) in which R~ is
selected from-CN, -COH -COR2%, -- COON, -COOR s,

- CONHR15, and - CONR15R16, where R15 and R16 are each
25tiwnderfendeat Ry aohydr mcmlmn tag&dhé&d alikyl the carbon

ra L. ar I vl r nd R8, and, R10

ar gltéglchgl n%ﬁgﬁdght%&n 05 gg(} ecgeq o hydr ot@%nﬁ%f%?ﬁnbered
a €ing$ al kyl radical, a CZ C$ al kenyl radical, a

hal ogen atom a hydroxyl group, -CN, -COH, 30 -COR15,
-000H, -COCR15, -CONHRL5 and - CONR15R16, where R15 and
R18 - ar ePeddtpist tdem negtabogemplexogis oelaimeduinalllein 1
R whB8e R9isRPA,. Ris and Rl radicals together with the
atons to which they are bonded forma 5- to 8-nenbered
ring, Rl1, Rz, Ris and R14 are each independently

seBect ed foramshitadiydnegenh avaplea Gls Celalkydl in clalm 1

R R G S e Ao T L RS

Whuoh th%y éﬁﬁnbnndeﬁ folerat5- ©one8- nehbeteoh+¥hghdddwing
. 0 ogplgx As ITe ong_of

Sﬁbg%?@%bhk ere fflggse é%teglgroﬁ? 1|%naca%dehyde

acﬂ?PPEres@erl%etBé]crflaéiﬁlctarlul ed n@mwlm; &cilg group, a

Webhabbkklyll(iceségtér f@éc’l@@ﬂ/' onidrdd:@mikRNZeguiiRANe, or N-
E%t E g % bnone glne hyl - p- benzoqui none,
1555 di-UHFEr 625 8X&F&9§n6a *58nzoqui none,

napht hoqui none, anthraqui none, nalefic anhydride,

nahelnl%ga gﬁk?&hc ﬂ§£g1 é@%i%ﬁeSter%ﬂa %P IC acbné of

fumaric S, neta e carboxy IC acids
rreﬁtlla@ﬂléd 1 otOt & r\akwmoétlheﬁe sPdrd:ed\ framsiadmgounds of

metak Qggﬁbqéeaqlqlalqgg bR Qg of claims 1 to 5 where
Lz is selected from'1l bis (2, 4,

6tri met hyl phenyl )i m dazol i nyl i dene,
1, 3-bis(2, 6d|nethylphenyl)|n1dazol|nyI|dene 1, 3 bi s
(1 adamant yl }

s dvee

(IV) V) (V1)

in which

R’ is selected from -CN, ~-COH, -COR'®, -COOH, -COOR'?,
-CONHR'®, and -CONRMR!¢, where R! and R are each
independently a hydrogen atom, a C;-C¢ alkyl radical or
C,-C¢ alkenyl radical, and

R®, R® and R! are each independently selected from a
hydrogen atom, a C;-Cg alkyl radical, a C,-Cg alkenyl
radical, a halogen atom, a hydroxyl group, -CN, -COH,
-CORY, -COOH, -COOR®, -CONHR? and -CONR!R'®, where R

and R!® are each as defined above,
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25 i m dazolinylidene,

1,3-bis(tert-butyl)imdazolinylidene, 1,3-bis

(cycl ohexyl )i m dazolinylidene,

1, 3bi s(o-tolyl)imdazolinyl +dedesr 1, 3-bis

(2,6-diisopropyl 30 3§ . i

t r brrettwd pisedyiapd e5-Rihy8F oi ®dazifi n'f deme, R'® radicals

L. 2oBbshie-0udkiPthy RRemd Jectnir il T ARROLIANA T F0er

4- et Rl BHBAPPRERAAAE88Y nyl | deneand1, 3- bi s(2, 6-

di RSQprropy| pHeayky) R dazold ol | densadite B ) S{1 &sted from

di i sopropyl phenyl )i m dazol i ny|idene, 1, 3-bis(2, 4, 6-

toF‘yI?‘)y-dA‘J,Oo@-ea’i i nf d&zotd iyt fekngadical, a halogen atom

1, 8rbi sCR, 6dicirsogmopWach meidnd pheny! )o#, Stide hydiloi rigd R

azgl jnyli and . .

1, %pg%&ﬂgﬁgﬁ SOFPSP T ERY Y EDE 52 5P RS aF G oI iRy are

i deppded form a 5- to 8-membered ring.

bi s(1- adamantyl ) -4, 5-di hydr oi m dazol i nyl i dene, 1, 3- bi s-

tert-butyl)-4,5-di hydroi m dazolinylidene, 1, 3-bis-

(cyel ohBxyinangis-idthytebprhi dempliaty| pderd aii®chi sitoone of

- 2%aims A tEQNSI WheRemailal; LoaPl Xt 08 thenf Qld Wi acid,

structgre (Iag or (Ib) LZ-ML1-MLz 5 _
acrylic esSters, acrylonitrile, methacrylic acid,
methacrylic esters, methacrylonitrile, 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,

Oor tetracyanoethene.

6. A transition metal complex as claimed in one of
claims 1 to 5 where L? is selected from 1l,3-bis(2,4,6-
trimethylphenyl)imidazolinylidene, 1,3-bis(2,6-
dimethylphenyl)imidazolinylidene, 1,3-bis(l-adamantyl)-
imidazolinylidene, 1,3-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~
diisopropylphenyl)imidazolinylidene and 1,3-bis(2,6-
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-
(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.



(la) 10 (Ib) where L1, LZ and M are each independently
as defined in one of clains 1 to 6, with the proviso
that the bridging L1 radical is selected in such a way
that it 15 has a further coerdenation site for an N,
Pt or Pd atom 8. A process for preparing a transition
mef/al cénpltesarssi el medetal oneomplekai e 1 tioe 7, following
co t 0 gontagting of the ligand LZ with a
gmfh%%ﬂgFeQ%ﬁﬁlc% gogﬁalns the fragnent L1-M and an
addltlonal I i gand whi ch can be displaced readily by
the |igand{2y-whafeg2ll, Mand L° are each as defined
inclainms 1 to 7. 25 9. The use of a transition netal
5conplex as clainmed in one of clains 1 to 7 in the
honogeneous qatal ysis of an organic reaction. 10. The
use as clainmed inclaim9, wherein the organic 30
reaction is selected fromol efinations, arylations,
al kyl ati ons, kktone aryl ati ons, am nati ons,
etherifLégn(gEs L8l i zations, silylations,
carbonyl ati ofts,1”Cyanations or al kynylations of aryl -
compounds or vinyl-X conpounds, where X is a | eaving
35 group, or of olefinic conpounds, or from
hydrosi | yl at i of olefins or al kynes or ketones,
carbonyl ati ons~of ol efins, di- and oligonerizations of
- 30 olefins, telomerization of dienes or
cr Qsexe0up! i RISkt h grganqmet a_lrlde%ern%‘mﬂé/s ANGOHNELy in

transitian netal-catalyzed coup I ng react
one of claims 1 6, the prov1so that the

10

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

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 is a leaving
35 group, or of olefinic compounds, or from
hydrosilylations of olefins or alkynes or ketones,

carbonylations of olefins, di- and oligomerizations of
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olefins, telomerization of dienes or cross-couplings
with organometallic reagents and other transition

metal-catalyzed coupling reactions.



