:%6789e3ej bbct ffLj 6] Til 19 September 2002 *cooooz* 1 NOVEL ORGANOVETALLIC
CO\/PLEXESM“@NM TI ONI C HETEROCYCLI C CARBENES AND THEI R PROCESS OF
PREPARATI t invention relates to novel orgagepRnbdri20020npl exes
conpri sing catsemec 5 heterocyclic carbenes. It also relates, as neans for
the preparation of such organonetallic cdnplexes, to dicationic

het i s 1 £ f s b - [ ti
ig igogygrggegg ﬁé&ﬁii%éég AL L= 6Qf=é SiﬁR r 1 p hgrggeg?n
Finally, 1t alsope0PPE] SESCAREENES) ARD TREZRY BRScESE b?epﬁﬁbggATIon
organonet al | iT conprexes 11 a nunber of _chnemcal reactions. 1

Organonetal lic conplexe§hgqg€%%§£9gigggggngck%gég%ggggenggFe al ready been

disclosed in the prior art Pat ent EP- A- oses conpl exes

conpri si ng noncal i Onk €a el er OGSl Leecarbapessdggi ¥gd i 5nom i m dazol i ne or
from pyrazoline and a netal 20 Tfrom G oups 8 9 and 10 of the Periodic

C assificati ogeOérbbpcH enBstsen&at ent EP- A-D, 798, 041 di scl oses conpl exes
conpri sing noncationic heterocyclic carbenes derived from various conmpounds

having 5-, 6- or 7menberedalsédgse Batlespnpsi GeagsOROrOth8DpeePhthOgen 25

and/ or sul phur atons and a netal chosen from pall adium rhodium nickel)

r ut heni um andofodath . oSymmorcenpl bxescanpl ¥rey, stabliecgompoiunds whi ch

additionally have the advantage of not form ng 19 Sept enber 2002 2

t oxi ¢ bypr oduetse ey Pyl ¢ hai ¢ Cesonposihpeends However, they exhibit the

di sadvant age of not being able to be used in an excessively acidic nmedi um

and conpl exes of netal & wWHFthele DRegFeemdttoki aht FBR AReembiogolable 5 in

water, which limts the field of their use. The present invention therefore

first offll 3 PEREEST of U g RIPRTEE LOAPPEXERE cRRPYEsi ng het erocyclic

car benes, characterized%in t hat hQ%%correspond to the general forrmula (I)
r'ch:

10 [ ( Z+X- )OFTARPPTERA L1 1C)H)CPHP - Z' represents a
1,2,4-triazoliumb5-yli ion, ast _a ion_of the atons of the rin
y dl'glr}gayi%/,drlaé égsg com Pigég t % use g

of which are substitutec ocarpon- conprising radi cafs, - L
Chosen 11 om (ALY 11 an Grerents Trom Qrodne. T, “3BP14R% 385 50, "6, 20
7b and 8 of the.beriodi onhassi Fieati po,of the Elenents as published in
"Handbook of Chem stry and Physics, 51st Edition" (1970-1971) of The
Chem cal;Rubber Conpanygrganometallic complexes comprising
heterocyclic carbenes have already been disclosed in
the prior art. Thus, Patent EP-A-0,721,953 discloses
complexes comprising noncationic heterocyclic carbenes
derived from imidazoline or from pyrazoline and a metal
20 from Groups 8, 9 and 10 of the Periodic Classification
of the Elements. Patent EP-A-0,798,041 discloses
complexes comprising noncationic heterocyclic carbenes
derived from various compounds having 5-, 6- or 7-
membered rings and comprising one or more nitrogen
25 and/or sulphur atoms and a metal chosen from palladium,
rhodium, nickel, ruthenium and cobalt.

Such complexes are very stable compounds

which additionally have the advantage of not forming

*166166*

IRGARTARATAN



-* X- represents an organic or inorganic 25 anion, - mrepresents an integer
fromlto 6, - nrepresents an integer from0O to 5, - the sumof mand of n
is equal to or less 19 Septenber 2002 3 than 6, - Y19GppRathidr200n ani on
or a cation such that the netal conplex is electrically neutral. For

conveni ence, conpounds of formula (1) 5 &l so including the Y counterion are
known as organopetallic conplexes.or tal complexes _i.n_th resent text.
The 1, 54 t 1| BOBTT (RVBLGRRERe FEARTZ e Ry, FERRBRACLS PR GEEVar  or mil a
(1): R RA [ O et o = o d 30 I ; and R9,
whi ch are id%%%a%x%%géffFg?eﬁ%%aggﬁﬁ’éggﬁt oFOnbl, BALES BbieREo EE 0 kyl
radical or a gyggophkyh £adicalveryabcahyYt £284iGA! andScomBleakkylsr adi cal
whi ch conpri ses one or nore subst|¥uents, such as an aryl radical, an

al koxy radi cahet 21 Hak 0gRNc BEOM QegRebYdEOpRi lhEighoHPe HhOE 8%20BhE: - COOML,
-SO03ML, or -PO3ML, ML representing an 20 inorganic or organic cationic

resi due chosemmfwates, prloion, 1taitonshderiv¥ed Hrovhaikalisenetal s or

al kal i ne 1~ Septenber 2002 4 earth netals, or ammniumcations -N(R)4, in
the formul a of which caThensrébenR syvbot spnwhhehefiveei fiénstcaf atl
different, represent a hydrogen atomor an al kyl radical having from1l to 4
car bon at ons, r&latNeRAZYaor ganohet & bt hol aonpl ekeshcohpr Rsgypgbol s, which are
identical or different, represent a hydrogen atom or an al kyl radical
havi ng from 1b&teenecyatboncarbageandcharaepersepdsianthabrgh@yc or organic
anion, ' 10 -OH, - an aryl or aral kyl_or cycloal kyl radical which
conprises, orfPHeESRMRY Oretlr derer3tipkeytebdt §1) such as an al kyl radical)
an al koxy_ radical, a-halogen atomo drophilic group, for exanple: 15
-COCNH,:%EOBNH, or -PO3ML, ML repreé%ﬁ??%gMngYnorganic or(B[ganic cationic
resi due chosen from.,a proton, cations derived fromalkali netals or

al kal i ne eart%Pr%R%ﬁ%) or ammonium cations -N(R)4, in the fornula of which

cations the R synbols, ywﬁ{*}égf%sents a 1,2,4-triazolium-5-ylidene

ion, at least a portion of the atoms of the ring of
which are substituted by hydrocarbon-comprising
15 radicals,
- L represents a ligand, which can be jonic
or neutral,
- M represents a metal chosen from the
transition elements from Groups 1b, 2b, 3b, 4b, Sb, 6b,
20 7b and 8 of the Periodic Classification o>f the Elements
as published in "Handbook of Chemistry and Physics,
51st Edition" (1970-1971) of The Chemical Rubber
Company,
- X° represents an organic or inorganic
25 anion,

- m represents an integer from 1 to 6,

n represents an integer from 0 to 5,

- the sum of m and of n is equal to or less



20 identical or different, represent a hydrogen atom oz an al kyl radi cal
having from1l to 12 carbon atons, -N(R)3Ya, in the fornula of which the R
synmbol's, which are identical or different, represent fg8ysterRR2062m or an
al kyl radical having from1 to 12 25 carbon atons and Ya represents an
inorgani c or organic anion, -OH R3 also3epresents a hydrogen atom 19
Sept enber 2002 5 Rz and/or R4 can al so each represent an organic |igand
resi due bonde®h@® fhe nitrogen atomof the 1,2,4 triazoliumS-ylidene ion
via an al kylene or arylene radical, it being pOSSIb|e for the said |Iigand
residue Sto be a phospha¥er?E§Paﬁﬁtsaaﬁh6§bﬁBnPFear%@FHBE SYCBh&8pki nite
residue, a ph hi ne ;e5|dug?or an nlne re due which is tertiary and

al i phati c, EW%aT?bﬁ t FRYPLPEmAFi & SFtﬁéF@ XyE?PEr% d which acts as

| i dLt th t al 10 Th d | d
terre Loy e« Mhat DraRve REESEE) DIoRRARINE Gk IPRERLER! {HTS i

unsubsti tut ed S i t Syd % o henyl or al kyl
phosphin|$ g% s?g?i &ggg éﬁ%subg%nggeggﬁyggabs?£Y§g%$s as defined 15
above, or fr06‘%@9@8&(&9119&k%mBﬂQ%QOBHﬁéta§ul?§r¥\bié’£§9 9f, ppsubstituted
by substituents”as defined above, or from phenyl phosphi nes or

al kyl phosphi nesessgbst éktit ed or unsubstituted by substituents as defined
above. 20 In such a case, the 1,2,i-triazolium5 ylidene ion substituted by
a R1 and/or R4 radical aﬁedef2nedtab@yelisma5byd9@éﬁéelaﬁstzrdentate
ligand. L represents an ionic |ligand, such as a halide or a cyanide, or a
neutral |iganchrsespoad 25 chebgenevpabxidempubda (Edhitrile, a phosphine, an
organi ¢ phosphate, a phosphonate or a phosphonite. M preferably represents
a netal chosen fromnickel, cobalt) iron, ruthenium rhodium palladium

99 Sept enber 2002 6 5
/ 1
\N/// \\
” (1
c\\\N//
N
| Rs R‘ ,
L B
10 in which R;, R,, R, ana R,, which are identical or

different, represent:

- a linear or branched alkyl radical or a
cy..oalkyl radical,

- an aryl radical,

15 - an alkyl radical which comprises one or more
substituents, such as an aryl radical, an alkoxy
radical, a halogen atom or a hydrophilic group, for
example:

-COOM,, -SO3M;, or -PO;M;, M; representing an

20 inorganic or organic cationic residue chosen from a

proton, cations derived from alkali metals or alkaline



osmum Iridium platinum copper, silver, gold, zinc, cadm umor nercury.
These netals can be in their various degrees of oxidation, including the O

degree of oxidation. 5 The X- anions are organic or i{@§ hifhefPb@ps. such
as, for exanple, halides, but are preferably chosen fron?@%gﬁiy

coordi nati ng anions which are defined with respect to the netal M under
consi deration. They predom nantly constitute the 10 counterions of the

1,2, 4-triazol pamEh- petdése pgnsmmgiviro g atapnise -Ne®e 4 . asnnobel i i ting
exanpl es ef such weakly coordinating anions) of trifluoronethanesul phonate,
t et r af | uor obof arBulReRaf WHAEHpKGSpIRESe Lhal RniSoTibpmlcet widishorirge, al umi ni um
15 tetrabromde, alumniumtetrafluoride, alum nium_tetraiodide, gallium
tetrachl ori delS§RFEFaM P&t FABESHERE, JEPFRSAPLetr BYAFoPede 35C Y& iadi

t etrai odi de. t her subject-matter. of the present 20 invention is tree use
of dicationicéﬂgygr68§&F%g %8%&8§n &%s IpfFEcdr §6FE°n 3RESpr epar ati on of

the organpnetal |ic conpl f general formua ) .. These dicationic
heterocyc?ic conpounds 6@??238@hd1?ot?%egﬁgﬁ%i%lé#oV?h?% Bre ¥ 19

Sept enber 2002 7,7z, _R - H . N VR ~=X_in WIlCh - the Rl
m Ra and RacEJRBAFe HACER REEndgRbRicadh sk bvEersr "rRg o rent &

Lo L") LYK e LBt P e el soeny s anor
heterocyclic €9#BBHNHEcAE and Y, represents an inorganic or organic
anion,

10 -OH,

- an aryl or aralkyl or cycloalkyl radical which
comprises, on the ring, one or more substituents, such
as an alkyl radical, an alkoxy radical, a -halogen atom
or a hydrophilic group, for example:

15 -CoOM,, -S03M;, or -PO3;M;, M; representing an
inorganic or organic cationic residue chosen from a
proton, cations derived from alkali metals or alkaline
earth metals, or ammonium cations -N(R),, in the
formula of which cations the R symbols, which are

20 identical or different, represent a hydrogen atom or an
alkyl radical having from i to 12 carbon atoms,

-N(R),Y,, in the formula of which the R
symbols, which are identical or different, represent a
hydrogen atom or an alkyl radical having from 1 to 12

25 carbon atoms and Y, represents an inorganic or organic
anion,

-OH,

R, also represents a hydrogen atom,



general formula (I111) can be prepared by reacting a conpound of fornula
XR2, in which X and R2 have the 10 neani ngs shown above, wth a triazole
derivative carrying the RlL, R3 and RQ substituents. T‘i‘@s&fﬁﬂﬁc{e?tzbﬁf' can

al so be carried out in several stages, each stage consisting I n reacting a
triazole derivative with a conpound of fdrnula XR1 or XR3 or XR4, depending
on the 15 substituent which it is desired to introduce into the fornula of
the triazol e BRnpRodker Rn-@atlerl @ el FERTRSEN AN TNt ek imyed i ¢
conmpound of forrmula (I11). The reaction conditions can be adapted fromthe
procedure dest®fbedeiRoRfiedakpi EPg BytyogencarpReffahlie2d  R: & Prasad,

Jour nal of Crg..Che .| 721.§7, 2259. The org?POﬂetallic conpl exes of
formula (1) ¢ ﬁlﬁéog}%%é ey~ bycreattPny*a afcatfBnFBehet e?b¥yelfc conpound
of gener al forgglga§llig MQEH a SQEEBT”dfOL N 195§g tfnber 2002.8 the netal
Min the presence ot ahti RoFGaAnPESEF oF ghhf ctBEsE*  Suth9a " Bak& taR be t he
associ at anj ft n 3 e . £an . ed
independggtlgéggbfh% e%%?ﬁgggngigaggg'Tﬁ?éﬁ%gg%§§%g305%§%§g%ar?ied 5 out

in liquid mediwnpgenss@l Lys byuaddhngnbbeneREPPNRdsol theapetal M and, if
appropriate) the inorganic or organic base to the solution or suspension of

the compound fddidue Mehyck! €8rtyrt t heyOrAEr a0 phat { odUehéps- of the various
reactants can be nodi fied. The reaction 10 can be carried out at room

tenperature ofliphi®edesabdyomatia denpetatdegcdic2o6atwhildRGetoraexanpl e.
This tenperature can conveniently be that of the reflux of the liquid in
whi ch the syntiwgsid L stcarhé edeoat . MThe separation of the conpl ex of
formula (1) can be carried 15 out according to the methods conmonly used in
chem str)yq for exanpl e Dyefpieceding, obganent tidamd ngesidbys exdmacti on. The
conpl exes of fornulanéé) and the dicationlc heterocyclic conpounds of
formul a (111)deFevgentral ¢yawhbe act 6T zeldenyl Nee | @bty Magresplei Resonance 20
(NVR) or by Infrared or _by X-ray diffraction. The organonetal |ic conpl exes

of formula (I5URSN P& &Rl AN YEEseF Py ubr DUt e8itng caf debEredns. The

majority of the organonetallic coppl exes 25 of fornula (1) as well as the
di cati oni c hefiqé‘?,‘becycq”f ?E‘Emp%%%%fg‘?rf%flﬁ%fap’%‘?wljl% 1ittle solubility

n orare Insoldbl s g e, nLOrLLY: O D9RY! & 8l ML £1 19N LY ROl &

15 above, or from phenyl or alkyl phosphonites,
substituted or unsubstituted by substituents as defined
above, or from phenylphosphines or alkylphosphines,
substituted or unsubstituted by substituents as defined
above.

20 In such a case, the 1,2,4-triazolium-5-
ylidene ion substituted by a R, and/or R, radical as
defined above is a bidentate or tridentate ligand.

1. represents an ionic ligand, such as a
halide or a cyanide, or a neutral ligand, such as

25 carbon monoxide, an isonitrile, a phosphine, an organic
phosphite, a phosphonate or a phosphonite.

M preferably represents a metal chosen from

nickel, cobalt, iron, ruthenium, rhodium, palladium,



19 Septenmber 2002 9 cycl oal kanes, hal oal kanes, aromati c hydrocarbons,

al kyl aromati c hydrocarbons or ethers. On the other hand, they are sol uble
in polar solvents. Thus, the dicationic conpounds areqggbptehfber2002rticul ar
in 5 tetrahydrofuran, dinmethyl sul phoxide (DMSO, nitriles (for exanple,
acetonitrile) or water. Thus) the organorfetal lic conpl exes of the invention
are.soluble in particular in nitriles (for exanple, acetonitrile), DMSO or
wat er. These PFBPePt| e5iFAKRB, pBI3EBPENeaSPPPCY0 SépirAti 6R1Ef ERA®Se vari ous
conpounds, in particular by liquid/liquid extraction. Furthernore, they
make |t possi BREMEYMcaFrPebttr¥atal ysis i n two- phase medium Mention nay be
made) as non-Iiniting-eﬁgnFIes of .such rﬁaction , .0of the hydrosilylation of
al kenes or 15 of al kyne5PerPfi B&FEtEuFaFr PR ﬂﬂet§Fé§eH8ElBPsrGFHéﬁFﬁm

I , the_hyd plylati .. ket inth f t heni
F hoti um conpl Skee™ TRE PRk ‘PEARTIBA PRt ReOpPacance oroparradium
conplexes5 t he hydrogen@ﬁgo?hogngéggiQ§e ${§%$%gegr fﬁéﬁﬁ%nfga”ides 20 and

nitroaromati c conpounds in e presence o enfum- r ifum platinum or

pal | adi um conpl £xgs, g@@hhygroﬁemk%?@,aﬂgﬂ eshygﬁecgwony' ation of -
olefins in the presence of rhodi um conplexes, the hydrocyanation of ol efins

in the presenseeplrMbLkebndseROFPLAXQ8akl PecsyPENgSt $nQf ahubAD {A;sLRe
presence of rutheniumconpl exes, the nmetathesis of olefins in the presence
of rutheni umgeaplexesed ovitherpopyaer taathenmefadcrylhiaies | n the presence
of nickel conpl exes. 19 Septenber 2002 10 EXAMPLES OF THE SYNTHESI S OF
PRECURSORS OFc&#GRMitAat 1dn EXEWMPY EptedSynhhesily obnthitooapobad (l1l1a): 2M
CH C~(Ua)j I ~~"CH H--'" 2 CF:.SO- By follow ng the procedure
descri bed i n doust&y gon<he tha9¥22, 37t rpagel 22695 -tHideRe 4iaeshyl tri azol e
is methylated twce (at the 2 and 4 positions of the ring) wth nethyl
trifl uoronet hanesul phorédget 3@nrefyulkei nade? df chdor bemhahes wexamst ésri ng.

| 0 The brown precipitate forned is filtered off and then washed wth
1, 2- di chl or oethatiec it 3% by whPPE pBALERI| nePE&I neBl. This solid (I111a)

exhibits a nelt%gp oint of 160-162C. It is chgigcgerized by: 15 - 1H NWMR
(d6-DVBO) : b #EYhIyromghaagylphorptes LERF2ELBR CLOYREE 7] (s, 2H,

eyele) - IG MR DTEO B 000 (54 TON o BT L8, 262800120
15 tetrabromide, aluminium tetrafluoride, aluminium
tetraiodide, gallium tetrachloride, gallium
tetrabromide, gallium tetrafluoride or gallium
tetraiodide.
Another subject-matter of the present
20 invention is the use of dicationic heterocyclic
compounds as precursors in the preparation of the
organometallic complexes of general formula (I). These
dicationic heterocyclic compounds correspond to the

general formula (III)



19 Septenber 2002 11 EXAMPLE 2. Synthesis of the conpound (Il1l1b): 2~ ~ cH,
CH ~(~~lby I Q~-HH\CHCH\C Z CF, SO The syntheses is carried out in
. two stages. First of all, an isopropyl group is attachgg osition
(R~ radical) by stoi chi ometric addition of 1H1,2,4 5q§efﬁ&?§$§g§% etoa
sol ution of isopropyl trlfluoronethanesurbhonate in 1,2-dichl oroethane (at
reflux with stirring for 3 h). The conpound of follomﬁng formula: CH N N~

\WWCHI CHCHCF50 CH CH s is obtaineg-with a yield of 910) in the
formof a 10 yellowoil. 2.5 n1 of nemhyl trifluoromet hanesul phonate (22
mmol ) are added to a solutio (18 nmml) of this conpound in 20 m of

1, 2-di chl oroet hane and the xtum K;i brought to reflux with stirring for
24 h. A 15 brown precipitatel is flo ““WHi ch precipfate is filtered off
and then washed with 1, 2- dlchlo/oéfhése 19 Septenber 2002 12 until a
white powder is obt ai ned. Thi s”solid R,11D) exhibits a nelting point of
163-16SC and corresponds to yield of 73% with respect to the internedi ate
conmpound charged. 5 It is characterized by:

in which

- the R,, R,, Ry and R, symbols have the
meanings shown above for the 1,2,4-triazolium-5-ylidene
ions of formula (II),
5 -X" represents an anion such as those shown
for the general formula (I).
The dicationic heterocyclic compounds of
general formula (III) can be prepared by reacting a
compound of formula XR,, in which X and R, have the
10 meanings shown above, with a triazole derivative
carrying the R;, R; and R, substituents. The preparation
can also be carried out in several stages, each stage
consisting in reacting a triazole derivative with a
compound of formula XR; or XR; or XR,, depending on the
15 substituent which it is desired to introduce into the
formula of the triazole emﬁloyed, in- order to obtain
the dicationic heterocyclic compound of formula (III).
The reaction conditions can be adapted from the
procedure described in the article by T.J. Curphey and
20 K.S. Prasad, Joprnal of Org. Chem., 1972, 37, 2259.
The organometallic complexes of formula (I)
can be prepared by reacting a dacationic heterocyclic

compound of general formula (III) with a compound of



-"1H NWR (CD3CN): b |.65 (d, 3JHH = 6.58 Hz, 6H, CH3CH), 4.34 (s, 3H,
CH3N), 5.03 (sept, 3JHH = 6.58 Hz, 1H, [CH3] 2CHN) , 10. 22 (s, 2H, Hcycle)
'3C NWR (CD3CN): b 21.51 (s, CH3CH), 38.7| (s, CH3N),¢d8 eé@nﬁﬁrﬁ

[CH3] 2CHN), 120.35 (g, 1J~F = 320. 1 Hz, CF3), |45. 22 (s, ZCcycIe) EXAMPLE
3. Synthesis of the conmpound (IIIc) -~z / CFE CN I ~NN11 O-CH
(111c) Ctt~~_/ \' I CHCH -' z CF,50, The synthesis is carried out in
two stages. Fthstmetaal, 1hheheopsmelsedncef offolahoineg gferirulea: @ejdsid N J
~\~-HC ~CHy \ Cells '"- J cF,so, 15 is prepared according to the
procedure desbasbedSunhla Prakt caBhém thk988s0338ted, a®25n Hfi steonmpound is
heated at reflux in nethyl 19 Septenber 2002 13 5

trifluoromet hanepahponat ehei nhtsii Mr prgchor b4 ddgied Andepemdemediypi tate is
formed, which precipitate is filtered off and then washed wth

1, 2-di chl or oetRahBeuRERFLAORNMEEtBERdehils sBRATALH. CTRI §>es§|a|rg1(e|d lc) is
obt ained wwth a yiel 0o wi.th resRect to the corrpound charged in the

second stage. OP’E 8 gi”lﬁ\"é t BEA2BE - pgenerghlivRY( 883ERE: thes compoyndgH,
CH3N), 7.4-8.4_(unreso|ved pea en Hé 10. 34 s 1H H~y~le) 10
EXAMPLE 4. Syft &5?5‘“8% hi 88§p E %’PFP Tla‘ﬁe he; IESﬁgaPl@PrN \i O-~H

~ 11114, | CH esis 1S carrled out tvvo stages
First caf al |°r?%‘é %o}?rpggﬁngg gﬂgo%g\{/’m rllanf of mikaf “es*8"Y I€I Iﬁ fFo/CGN

11YY ~ compound (1II}. Very clearly, the order of introduction

of the various reactants can be modified. The reaction

10 can be carried out at room temperature or, preferably,
at a temperature of 25°C to 150°C, for example. This
temperature can conveniently be that of the reflux of
the Triquid in which the synthesis is carried out. The
separation of the complex of formula (I} can be carried

15 out according to the methods commonly used in
chemistry, for example by filtration, by centrifuging
or by extraction. The complexes of formula (I) and the
dicationic heterocyclic compounds of formula (III) are
generally characterized by Nuclear Magnetic Resonance

20 (NMR) or by Infrared or by X-ray diffraction.

The organometallic complexes of formula (I)
can be used as catalysts in numerous chemical
reactions.

The majority of the organometallic complexes

25 of formula (I) as well as the dicationic heterocyclic
compounds of formula (III) have little solubility in or
are insoluble in the majority of nonpolar or only

slightly polar organic solvents, such as alkanes,



CcH, ¢6,~J L cF~so, 15 is prepared according to the procedure described in
J. Prakt. Chem, 1988, 330, 3, 325. This conpound is heated at reflux with
3 equivalents of methyl trifluoronethanesul phonate i /g sdftervbielr 20ter 2002
14 1, 2-dichloroethane with stirring for 2 days. A brown precipitate is
forned whi ch precipitate is filtered off2and then washed with

1, 2- dlchloroetha e til a iLte powder is obtained. This solid (Illd) is
obt ai ned 5 wi £H€ Oﬁggﬁﬁeéf §9OR gﬁnﬁésp@EP”FGlfhénﬁgﬁﬁﬁﬁﬁﬂﬂﬁharged in the

char act or ?22da38v55r%ﬁ?h%§t FedstRp oS 58%%2%@21%%30 Bape Shery (g 3 10
CH3 7.8-8 OH, 1 0.5 . 1H He
130NLLR (CDecﬁﬁggnr§§O§Xe(§pe%E§E gy 8E§ % éh;§ &He) EKén??

, 128.02 C 0., .07 C
,CH|)31 56 (s(ai %Q%ﬁ IE Eﬁﬁz’gr‘%l%? %O%gﬂ)é %H?p éﬁ)l%‘ﬁlf‘zf d‘ﬁl" (sp in%henill
CH), 135. 88 (§et}aﬁp@9%%ugk% ngegﬁyﬁqsuiﬁﬁgx§%g (%M@éﬁ n%kﬁul%iﬁ 58 (s,

CHcycl e) ycl eCH3) The proton coupl ed spectrum sho
coupling Consﬁéak 8Qahé@e,—aaégthtEQ&ebh%rCHaQ%rth@hh%la%%%e ring. EXAWPLE
5. Synthesis of the conmpound (llle): a;, CH CH NOGHIiI (11lel i | CsHs

CH, z cF,so, dhgagsynthesisci sompleked oft the twoestagesare ED1%gateenber
2002 15 First of all, the conpound of following formula: ~ cH, / N
in particular in nitriles (for example, acetonitrile),
DMSO or water. These properties make possible easier
10 separation of these various compounds, in particular by
liquid/liquid extraction. Furthermore, they make 1t
possible to carry out catalysis in two-phase medium.
Mention may be made, as non-limiting-examples
of such reactions, of the hydrosilylation of alkenes or
15 of alkynes, in particular in the presence of ruthenium
complexes, the hydrosilylation of ketones in the
presence of ruthenium or rhodium complexes, the Heck
reaction in the presence of palladium complexes, the
hydrogenation of olefins, aldehydes, acids, enamides
20 and nitroaromatic compounds in the presence of
ruthenium, rhodium, platinum or palladium complexes,
the hydroformylation and the hydrocarbonylation of
olefins in the presence of rhodium complexes, the
hydrocyanation of olefins in the presence of nickel
25 complexes, the synthesis of furan in the presence of
ruthenium complexes, the metathesis of olefins in the

presence of ruthenium complexes, or the polymerization

of acrylates in the presence of nickel complexes.



Chi C- Cells CH CF,SO is prepared according to the procedure descri bed
inJ. Prakt. Chem, 1988, 330, 3, 32S. This conpound is heated at refl ux
with 35 eqU|vaIents of methyl trifluoronethanesul phoggigpietber 2002

1, 2-dichl oroethane with stirring for 2 days. A brown precipitate is forned,
whi ch precipitate is filtered off and then washed wi th 1, 2-di chl oroet hane
until a white powder is obtained. This soiid (Il'le) is obtalned 10 with a
yield of 710 with respect to the compound charged in the second stage and
it exhibits a B LS | QF AR PEEORMULA 1 NVR

(CD3CN): b 4.0 , 3H, CH3N), 4. 20 (s, 3H 15 CH3N), 4_46 (s, 3H, CH3N)
7:8-8.1 (unre peak) 10H, 5 phenyl , 10.16 (s 1H, Fbycle) " 3C NWR
(CD3CN): b 37§%§¢§§i%g- 8. 36 39.4 , 130.78 (s,
phenyl O , : 9'4329 %ﬁy cnﬁ?f %;%'\Qﬁé“‘ic’“”% pﬁleln?/ | 137.35 (s,
phenyl 20 CH), 131.83 (s, 2 phenyl , 120.35 (q, 1J~F = 320 1 Hz, CF3) ,

) 2+

147.35 (s, CH cycle) , 156.48 (s, becle) 19 Septenber 2002 16 EXAVPLE
6. Synthesis of the conmpound{(Il1I1f): #®~1icH c¢,~, NI ~\c-H (uin c~~ cn
~cH, 2 cF,so, The synthesis ils %hrp*%q\out in two stages. First of all, the
conpound of following fornul ~ EHD N c_r~ /c-~mgH ~ _ - cH J
~F,so0,~ 5 10 is prepared acc?rdlng\\g/ihe procedure described in J. Prakt.
Chem, 1988, 330, 3, 325. /

| ¥
— ~' 2 CF,S0,

By following the procedure described in J.

5 Org. Chem., 1972, 37, page 2259, 1H-1,2,4-
methyltriazole is methylated twice (at the 2 and 4
positions of the ring) with methyl
trifluoromethanesulphonate at reflux in 1,2-
dichloroethane with stirring.

10 The brown precipitate formed is filtered off
and then washed with 1,2-dichloroethane until a white
powder is obtained. This solid (IIla) exhibits a
melting point of 160-162°C.

It is characterized by:

15 - H NMR (d¢-DMSO): & 4.22 (s, 3H, CH3N), 4.50 (s, 6H,
CH3N), 10.79 (s, 2H, Heycre) -

- 13C NMR (H) (CD,CN): & 38.67 (s, CH,N), 38.87 (s,

2CH,N), 120.35 (g, *Jop = 320.1 Hz, CFy), 147.72 (s,

2Ccycle) :



This conmpound is heated at reflux with 3 equival ents of nethyl
trifluoromethanesul phonate in 1,2-dichloroethane with stirring for 2 days.
A brown precipitate is forned, which precipitate is fqégg{,@q,ggrfzgg@d t hen
washed with 1, 2-dichl oroet hane until a white powder is obtained. This solid
(rrrf) is obta| ned with a yield of 95% with respect to the conpound charged
in the second stage and it exhibits a neltiing point of 194.4C. 15 It is
characterized by: 1H NWVR (d~-acetone): b 3.35 (s, 3H CH3C), 4.46 (s, 3H,
CH3N), 4.69 (BXABBLECBIBNByn4heésiss of3lheClddipourn@d 17 10%) :1H, H~ycl e) 19
Sept enber 2002 17 _ 13C NWR (d6-acetone): b 10.S3 (s, CH3C), 35.91 (s,
CH3N), 36.26 (s, CH3N), 37.99 (s, CH3N, 12Q,35 (g, 1J~F - 320. 1 Hz, CF3)
, 14S.35 (s, CHcycle) ~ 1S7.131 (S, CbggIeC}B ) 5 EXAMPLES OF THE SYNTHESI S
OF THE ORGANOMETALLI C CCNPLEXEa OF FCRNULA (|) EXAMPLE 7. Synthesis of the
Ag(l) conpound (la): c¢ h, cH 5)7C-\~Ag (lg) /ICH CH z G SO 0.4 g
(2.4 mol) of Ag acetate is adde c-stispensi on ofaml g of dicationic
conmpound (Illa), 10 prepared i e 1, ip 20 M of tetrahydrofuran
(THF). The m xture is stirrgd i.or 2 hegt reflux. A THF inmiscible brown oil
is forned, which oil is washed severg “\tinmesiwith 0 m of THF. After
evaporating the solvent, a light- sens?tve- br own soi’ld is obtained (a 15
yield of 820 with respect to the dicationic conpound (Ill1a)). This conpl ex
exhibits the follow ng characteristics: - 1H NVR (CD3CN): b 4.01 (s, 3H

NCH3) , 4. 19 (@he?é% EﬂeQ@'\F i M) i 8 Z%u@3§n3t'yﬁ%g§9@9ﬁhggh\éﬁe) a1

CH. - 13C NW\R 37.2°(N

| JcF = 32 4 egbe 0Q2 CA
S)ie",” 010 St e a0 gty (00
N C G -~ Hg~-{i&, rddidd) /}ﬁtrl\b&h-cﬁ?@bﬁeg‘fhcc&ﬁdﬂt%ﬁwf 1H- 1,2,4—

5 methyltriazole to a solution of isopropyl
trifluoromethanesulphonate iq_l,z—dichloroethane (at
reflux with stirring for 3 h). The compound of
following formula:

— —

CH

N/
N /O\
/ \/
H \CH
- Cé,\CH, — CF,SO,

3

is obtained, with a yield of 91%, in the form of a
10 yellow oil.
2.5 ml of methyl trifluoromethanesulphonéte
(22 mmol) are added to a solution of 5 g (18 mmol) of
this compound in 20 ml of 1,2-dichloroethane and the
mixture is brought to reflux with stirring for 24 h. A
15 brown precipitate is formed, which precipitate is

filtered off and then washed with 1,2-dichloroethane



0.16 g of Hg diacetate (which was dried beforehand under vacuumfor 12 h at
50C) and 1 m of 5 dinethyl sul phoxide (DVBO are added to a suspension of
0.43 g of dicationlc conpound (Ille), prepared in Exangl i m of
tetrahydrofuran (THF). The mi xture is stirred for 24 ﬁggepZ%PEan 2
tenperature. A brown precipitate is forned which is soluble solely in 10

hi ghly pol ar solvents. This solid is wash&d several tines with THF in order
to renove any traces of acetic acid. The conplex thus obtained is
recrystalli zedyi k| dvwwidi ¢ uspuAess i8t AbFained. a net hanolic sol ution of the
said conplex. The recrystallized cor_‘rgl, ex (Ib)_15 exhibits a nelting point
of 8S.4-87C. ARiIgrbid g6bliR) opxhAiRéESWAt HetbspecPoinBtt A dp8albbALC
conmpound (| Ileg. This conpl ex exhibits the_follow ng characteristics: 20 -
1H NMR ( CD30D)2"% PIALFRONGS HONeHEL e b9 Hofig7 2% 191 8Y | raspect stogkhe CHIN,
gJH Ng = 8.5 Hz 7.9:-8.2 (unresol yed peak, 10H, phenyl H). 19 Sept enber
2002 19 NMWR (d:‘iziﬁa')“?ecbl%%e. WT@B&%I\@&’?eQL 75 (NCH3), 121.1 (g, LJ~F =
320.1 Hz, CF3), 1S6.88 (& Phs é33+232e;"%%1: 86 Hz) , 183 . 78 (CHg, |JcNg

= 3275 Hz)" . This structurelwash% 3o-%5t ik§¥fed by X-ray 5 diffraction.

EXAMPLE 9. Synt hesi f i (15l nd(lc):./LCH,,, G\ CH N N\
FORE % M hes Ot (s i)l%ﬁmgl—lsljﬁl‘l‘-l,—é—ﬂ%{l&~5%lg 2%7*2353”07

di cationic conpaund | 3e) ,cipheparedd n&xamplyg 5, _age d a

suspensi on of 0.442 ¢ of %\Ii ﬁbgcet At6 and 075 §" of aél\lasfﬁlgﬁ?deiﬁh 50 m of

THF. 10 The m[@Hngcgﬁwtilror.Qd als,refd uxg fglre)z_ h. A coloured precipitate is
formed, which précipitate is filtered of fYand washed several tines with
THF. The conpl-ex’thNEROtCaLOEY:i 8 peceystal | creduf f ons am acel ong/et her
10 58.88 (s, [CH;],CHN), 120.35 (q, 'Jo = 320. 1 Hz, CF,),
145.22 (s, 2C

cycle) :

EXAMPLE 3. Synthesis of the compound (IIIc):

(lic)

2 CF,50,

The synthesis is carried out in two stages.

First of all, the compound of following formula:

r_' T o+
/CGH5
N
N
I O e
C—
A N
CeH, CaH, b
— CF,S0,
15 1s prepared according to the procedure described in J.

Prakt. Chem., 1988, 330, 3, 325.

This compound is heated at reflux in methyl



m xture at -30C. The recxystallized conplex (lc) is 15 red and it exhibits
a nelting point of 310.7C (deconposition: the crystals becone black). A
yield of 850 is obtained with respect to the dicati onig:sgpmmjﬁpdoﬁ I'1e)
This conpl ex exhibits the follow ng 20 characteristics: - 1H NWR
(d6-acetone): b 7.8-8.0 (broad, 10H, phenyl H), 4.88-4.84 (2s, 6H, NCH3),
4.54-4.49 (2s, 6H, CH3N), 19 Septenbersz 2002 20 4.42-4.41 (2s, 6H, CH3N)

- 13C NWR (CD30D): b 37.0 (CH3N), 37.9 (CH3N), 38.4 (CH3N), 121.1 (q, 1J~F
= 320. 1 Hz,tLGM8)uodatk Shadsdu Boladitla 184w B pheiwtihg , £db634 4d&{E=sPh), 188.2
(CGN). 51ts structure was al so established by X-ray diffraction. EXAMPLE
10. Synt hesitarain tgwedN it gt € oigpofwchndd d)whi il pxXat it ate~*&& N -~-C /C ~
CHI NCH C 3 CH CF=SO- 0.425 g of dicationic conmpound (Il11f), prepared in
Exanpl e 6, ifsiladdedt taf i @sudpersn o sied (w1090, 23 dfciNlodbacksmate and 0.15
g of Pda iodide in 25 m of THF. The m xture is stirred at reflux for 2 h.
A col oured preciia atlel ies gordand)isvekiairedi pihit esobidi (TFed b$f and
washed several tinmes with THF. The conplex thus obtained is recrystallized
from an 515 &RfpHGRHED @ fipe R -%C.WII% FeReaEt fPi ZRY conpl ex (I1d)
isred and it exhh§£t§1a me tjnqagoint of . 300- 305C (deconposition: the
crystal s becSHPBIUEIGNAIPSA Y e BRCIR Ht3fSed with respect to the

di cationic conmpound (IJIf). 20 This co x exhibits the follow ng
characteristics: - 1Hljrﬁﬁ/gs(d%3aa%ae‘fto%l)z@%e9l}f88-4. 84 (2s, 6H, NCH3), 4.54
19 September_ 20022l (cp,eny: 6 4.22 (s, 3H, CH,N), 7.4-8.4

(unresolved peak, phenyl H), 10.34 (s, 1H, Hepele! -

10 EXAMPLE 4. Synthesis of the compound (IIId):

— 'j' 2
T l P |
N |
i N//
{ | C) C—H ' (td)
€ '
l /
l CH, \C‘Hs !

2 CF,S0,

The synthesis is carried out in two stages.

First of all, the compound of following formula:

— -

Gt
/N\

C) C—H

7 N

L — CF,50,

Q--2Z

is prepared according to the procedure described in J.
Prakt. Chem., 1988, 330, 3, 325.
15 This compound is heated at reflux with 3

equivalents of methyl trifluoromethanesulphonate in



4.49 (2s, 6H, CH3N) , 4 .42-4.41 (2s, 6H, CH3N) , 2.63 (s, 6H GCCH3 ) .
13C NVR (CD30D) : b 13.86 (C-CH3) ( 36.1 (CH3N) , 37.6 (CH3N), 38.5 (CH3N),

121.1 (q, 1J~F = 320.1 Hz, CF3), ' 5 154.8 (C M), 18 Sedtcimbler 2004 S
structure was al so established by X-ray diffraction. é&AﬂéLE 11. Synthesis

of the Ni(lIl) compound (le): CHH CHH NG-" HH ~CH CH HN- N~ C~ C

\' JNN-~CGHQ Cti~ Z CF~SO~ 0.935 g of dicagionic conmpound (llla), 10
prepared in Exanple 1, is added to a suspension of 0.200 g of N diacetate
and 0.34 g of 1Na-aodhterbatrBanal wot nTHEirFhagniestune daysst i kadwat reflex
for 2 h. A coloured precipitate is forned, which precipitate is filtered
of f and washegrsevpiahtéi MestorinBdTHrhithepibctpipbex tilbusiQbiaidged is
recrystallized by slow diffusion of ether into a solution of the said
conpl ex in acefbnahdi tkenRegsigstiaklitpali dndishiarveetdaaat uhram an
acetone/ether mxture at -30C. The recrystallized conplex (lel is red. A
yield of 700 wkibbtpbwaderwishoRbainspecthie shéidi dafiidni ¢ scobpaumned(|11a).
This conpl ex exhibits the follow ng characteristics: 19 Septenber 2002 22
- 1H NVR 3 d6-wuteboneyiebd408862%38ithsregpectHsN) tha. 688pe8nf2s, 6H, CH3N),
4.99-4.96 (2s, 6H NCH3), 9.32 &g, 2H, CH) . EXAMPLE 12. Synthesis of the
Pd(I1) Conpouﬁﬂa{$?§:lﬁ}%h%iﬁﬁc o sEige and 1t exhibits a melting

point of 190.5-191.3°C.
It is characterized by:

- 'H NMR (CD;CN): & 3.04 (s, 3H, CH,), 4.19 (s, 3H,
10 CH,N), 7.8-8.1 (unresolved peak, 10H, 1 phenyl H),

10.51 (s, 1H, Heyce)

- 13C NMR (CD,CN): & 12.31 (s, CHyC), 38.04 (s, CH;N),

126.70 (s, 2 phenyl CH), 128.02 (s, phenyl C), 128.49

(s, 2 phenyl CH), 130.07 (s, phenyl C), 131.56 (s, 2
15 phenyl CH), 131.83 (s, 2 phenyl CH), 134.04 (s, 1

phenyl CH), 135.88 (s, 1 phenyl CH), 120.35 (g, Jep =

320. 1 Hz, CF3), 145.58 (s, CHgycye). 157.66 (s,

CeyereCHs) -

The proton counled spectrum shows a coupling constant

20 1JCH = 240 Hz for the CH of the triazole ring.

EXAMPLE 5. Synthesis of the compound (IIIe):

B 2t
cH,
CH, i
N//
1 (O c-n (ilie)
/S
f CeHs \CHJ
L — 2cFs0,

The synthesis 1s carried out in two stages.



~0o/ /C- Cells CHs CH-/ Cells ~~CrPCr--C/ N/N\CH CHs 21 5 0.472 g of
di cationic conpound (ll1le), prepared in Exanple 5, is added to a suspension
of 0.112 g of Pd diacetate and 0.30 g of Na iodide i M$H8epteniter 2062 The

m xture is stirred at reflux for 2 h. A coloured precipitate is forned,
which precipitate is 10 filtered off and washed several tinmes with ether.
The conpl ex thus obtained is recrystal hiszzed at -30C from an acetone/ et her
m xture. It exists in the formof yellow crystals. The recrystallized
conpl ex (IfFiexhi bift a1a,nehlei rgmpeunid @ff f211-RE3IG (fdeeqmposition: 15 the
crystals beconme brown). During the reaction, all the

trifluoronet hanesul phonate ani ons were substituted by iodide anions. A
yield of Slo is obtained with respectyto the dicationic conpound (llle).
This conpl ex exhibits the fpllow ng”20 characteristics: - 1H NVR (d6- DVSO) :
b 7.8-8.1 (broad, 10H, phenyl H)~74N9-4.S3((2s, 6H, NCH3), 4.2 (s, 6H,
CH3N), 4.10-4.13 19 Sept ejrber |2 23H(2s,) 6H, CH3N) . 13C NMWR (d6- DVMSO):
b 37.2 (CH3N), 38.3 (CH3N),| 39. %N), 130.1, 130.9 and 134.5 (phenyl O,
152.4 (C Ph), 174.5 (C-Pd).|5cH s sfhgcture was al so established by X-ray
diffraction. EXAVMPLE 13. Syhthesis of the (I'l kr,egnpound (1g): cH- cH5
CcHh, v ~~-N~CH~\N~~/_ CC---.- PCc -~- C;~J1I N 1~N/NCH \ /

CND CH, _ CHib prepared according to the procedure described in J.

Prakt. Chem., 1988, 330, 3, 325.

This compound is heated at reflux with 3
5 equivalents of methyl trifluoromethanesulphonate in
1,2-dichloroethane with stirring for 2 days. A brown
precipitate is formed, which precipitate is filtered
off and then washed with 1,2-dichloroethane until a
white powder is obtained. This solid (IIIe) is obtained
10 with a yield of 71% with respect to the compound
charged in the second stage and it exhibits a melting
point of 180.0°C.
It is characterized by:
- M NMR (CD;CN): & 4.08 (s, 3H, CH;N), 4.20 (s, 3H,
15 CH,N), 4.46 (s, 3H, CH;3N), 7.8-8.1 {unresolved peak,
10H, 5 phenyl H), 10.16 (s, 1H, chﬂe)‘
- 3C NMR (CD,CN): & 37.88 (s, CH,N), 38.36 (s, CH;3N),
39.42 (s, CH3N), 130.78 (s, phenyl C), 131.97 (s, 2
phenyl CH), 132.15 (s, 2 phenyl CH), 137.35 (s, phenyl
20 CH), 131.83 (s, 2 phenyl CH), 120.35 (g, *Jgp = 320.1

156.48 (s, C

Hz, CF;), 147.35 (s, CH Ceyele! -

cycle)'



- 21 0.425 g of dicationic conmpound (I11f), prepared in Exanple 6, is added
to a suspension of 10 0.112 g of Pd diacetate and 0.30 g of Na iodide in 60
mM of THF. The mixture is stirred at reflux for 2 h. 1y s&tembes200cci pitate
is formed, which precipitate is filtered off and washed several tinmes with
ether. The conplex thus obtained is recrystallized at -30C from 15 an
acetone/ether mxture. It exists in thgdormof red crystals. The
recrystallized conplex (1g) exhibits a nmelting point of 206-212C

(deconposi t iEXEMHIE @ ysial 15 YRE e thOWYmpdMid Ngr1he) reaction, all the
trifluoronethanesul phonate ani ons were substituted by 20 iodide anions. A
yield of 600 is obtained w th respect to the,dicationic conpound (II11f).
This conplex exhibits the f¢llowi ng 419 Septenber 2002 24 characteristics:

- 1H NWR (ds-DMBO): b 441- .88 (25, 6H, NCH3)) 4.29 (s, 6H, CH3N) , 4
.16-4.15 (2s, 6H, CH3N) , 95\ (6H)\C- CH3) |. EXAMPLE 14. Synthesis of the
Ni (0) conpound (lh): CH CH > QH IR~ \N~#h~/ / ~CI ~C:-~N-
..- ¢c~1/ NCO,NCH CH CHIvCF3S0~ ~nthetic Method A 1 m of

ni ckel tetracarbonyl is diluted,in @ani of janhydrous and degassed

acetonltrile. 380 ~1 of perdlne and 660 ~c¥ ok ctsd,et hyl ami ne are added to
t he sol ution obtai ned. 10 A solutlon of 2 0 g of dicationlc conpound
(I11f), prepared in ydr ous nd de assed

acetonitrile is added %h% Jl%gls’ Caai'rorp]ﬁ i tunlr‘fél LSbserved to
be given of f,.and tfie aﬁql,”téhoé“ SIS d P &8 Og}"for‘%% all the

2

s
] O

i
cé e '

CF,S0,

is prepared according to the procedure described in
5 J. Prakt. Chem., 1988, 330, 3, 325.

This compound is heated at reflux with 3
equivalents of methyl trifluoromethanesulphonate in
1,2-dichloroethane with stirring for 2 days. A brown
precipitate is formed, which precipitate is filtered

10 off and then washed with 1,2-dichloroethane until a
white powder is obtained. This solid (IIIf) is obtained
with a yield of 95% with respect to the compound
charged in the second stage and it exhibits a melting
point of 194 .4°C.

15 It is characterized by:

- ' NMR (d¢-acetone): & 3.35 (s, 3H, CH;C), 4.46 (s,
3K, CH3N), 4.69 (s, 3H, CH3N), 4.77 (s, 3H, CH3N), 10.77

(s, 1H, H Y.

cycle



15 sol ution has been introduced, stirring is maintained for a further 1 h.
The volune of the reaction solution is subsequently reduced by two thirds
by evaporation of the sol vent under vacuum and then 299saptefibed 206 sed
ether are added. A precipitate of the conplex (Ih) is 20 then fornmed, which
precipitate is filtered off and washed several tines with ether. The
conpl ex thus obtained is recrystallized fiom an acet one/ et her 19

Sept enber 2002 25 mixture at -30C. The conplex (lh) exists in the form of
yel I ow crystal-s3tt NMRel &) Agcpobnt) eosl dones be, demrarn nesl. exacs !y
(deconposition: the crystals become brown). A yleld of 260 is obtained with
respect to tl-CHgN3, dBeaticorisc ctmyEound7(bblfiy, THiXN) conpbexsexqibiss. t he
following 10 characteristics: - 1H NVR (d5-DVMBO) : b 4.00 (s, 6H, ) (
3.99 (s, 6H, €H3MWp,. 3. F&.($F,6H, 1@E83Np, (B, 7ZH(HH,)C CH3) 31Bdr’ds at 1982
cml and L906 cm1 (CO are observed by Infrared spectronetry. Its
structure masgayggcﬁsﬁablished by X-ray diffraction. The foll ow ng were
found by elenmental 15 20 25 analysis: - 28.990 of C (theory 28.890) - 3.36%
of H (theory 3.63s) - 12.390 of N (theory 12.620). Synthetic Method B 150
ng of actlvated netalllc Zn oomd 10 e%ylvalents are added to a solution
of 0.2 g of tREAHEGESRE TH ONETALEIGwpl e 10, in 10

M of anhydr o g @ﬁﬁ onltrlle The solution is pl aced under a
car bon nonoxi %@ g%sg on begins at the sane tinme as the

stirring is bggggp%ghg sg&H%%%glgeggrﬁﬁfygll 'c3%§ éghuy&%q is filtered

using a tube treate ept enber 2002

= Sy -

cH,

CH, N

N/
o)t

H/C\\ \CH
> 2 CF 50,
0.4 g (2.4 mmol) of Ag acetate is added to a
suspension of 1 g of dicationic compound (IIIa),

10 prepared in Example 1, in 20 ml of tetrahydrofuran
(THF) . The mixture is stirred for 2 h at reflux. A THF-
immiscible brown o0il is formed, which o0il is washed
several times with 10 ml of THF. After evaporating the
solvent, a light-sensitive brown solid is obtained (a

15 yield of 82% with respect to the dicationic compound
(II1a)).

This complex exhibits the following
characteristics:
- 'H NMR (CD4CN): 6 4.01 (s, 3H, NCH,), 4.19 (s, 3H,

20  CH,N-NCH,), 4.22 (s, 3H, CHyN-NCH,;), 9.72 (s, 1H, CH).

13C NMR (CD4CN): & 37.2 (NCH,), 38.5 (NCH;), 38.6

(NCH;), 121.1 (g, *Jgp = 320.1 Hz, CF,), 144.8 (CH),



l
26 described for Method A (fromthe addition of ether in order to
precipitate the organonetallic conplex). The yield obtained is 48%w th
respect to the organonetal lic conplex (1d) charged. TEs&snembengsoses 5 and
characterizations are carried out as in Method A and the results are the
same. EXAMPLE 15. Synthesis of the Rh(1) conpound (lj): c+~~ CH \ N\N O
C-Rn~~CO)_ C CH, tJ~ CH3 CF~SO A solgtion of 0.277 g of
d|(carbonyl)rhodlun1acety|acetonate in 10 M of THF is added to a 10
suspensi on of1ds 456(gn®f . di catl onic conpound (I11f), prepared in Exanple 6)
and of 0.16 g of Nal in 40 mM of THF. The m xture is stirred at 50C for 2
days. A brown solid is recovered after evaporation -- the solvent and
washi ng several times with~ether. The yield is 700 with 15 respect to the
di cati oni c cEHRMEGE (81 |13ynthssscohptes Bghibl t sompeufdl K di ng
characteristics:- 1H NVR(ds-DMSO) : b 4.47 (s,3H, NCH3), 4.28 (s, 3H, , CH3N)
4.20 (s, 3H, CH3N), 2.96(s, 3H, C-CH3).20 - 13C NVR(d6-DVSO) :b 10.5
(s, GCH3) , 3S.2 (s, NCH3), ., 36 8°=s CH3h5= 37. @59 CH3N), 154. 2 (s, C CH3),
183.0(d, 1J(Rh-C) - 82. QFE\ 188 | (d "fﬂ& - 42.2 19 Sept enber
2002 27 Hz, carbene Q). A b ng;a -L&%§*s %P([I» |s observed by Infrared.
EXAMPLE 16. Synthesis of the jrM) compound A"k): CHI C H- N ~N
C--.-R(CO: (~k~ C [/ B~ tt / CHI 2/“CF5 oH,

e 4 cF,50,
0.16 g of Hg diacetate (which was dried
beforehand under vacuum for 12 h at 50°C) and 1 ml of
5 dimethyl sulphoxide (DMSO) are added to a suspension of
0.43 g of digationlc compound (IIIe), prepared in
Example 5, in 20 ml of tetrahydrofuran (THF). The
mixture 1is stirred for 24 h at ambient temperature. A
brown precipitate is formed which is soluble sclely in

10 highly polar solvents. This solid is washed several
times with THF in order to remove any traces of acetic
acid. The complex thus obtained is recrystallized by
slow diffusion of ether into a methanolic solution of
the said complex. The recrystallized complex (Ib)

15 exhibits a melting point of 85.4-87°C. A yield of B6%
is obtained with respect to the dicationic compound
(I111e).

This complex exhibits the following
characteristics:

20 - 'H NMR (CD;0D): 6 4.70 (s, 12H, NCHy, 'Jy y, = 12.8),
4.29 (s, 6H, CH,N, 'Jy . = 8.5 Hz), 7.9-8.2 (unresolved

peak, 10H, phenyl H).



5 A solution of 0.200 g of di(carbonyl)rhodi um acetyl acetonate in 10 m of
THF is added to a suspension of 0.16 g of dicationic conmpound (llla),
prepared in Exanple 1, in 10 ml of THF. The m xture if9 Séptehdsér20050C for
15 h. A brown solid precipitate is 10 fornmed, which precipitate is washed
several tinmes with ether. The yield of conplex (1k) is 670 wth respect to
the dicationic conpound (llla). This conplex exhibits the follow ng
characteristics: 15 - 1H NWR (d6-DVSO): b 4.20 (s, 3H, NCH3), 4.22 (s, 3H,
CH3N) , 4.25 (s,*33HNMRHIND,0D9:66 68, 73H,(CBEN-NCH, 13C NVRS (dheiMBO) : b 38.6
(s, NCH3), 38.7 (s, NCH3), 39 . 1 (s, CH BN, 37.79 (s, CHBN) ,"121 . 1 (q,
1J~F = 320. 11z .1CFR), ,'J145=53¢8, 1CHE,, CF86, . 156d881JC¢(Rh;C) - 76 Hz, 20
CO, 187.9 (d, 1J(Rh-C) - 43.3 Hz, carbene C). Bands at 2029 (i) cm1l and
1985 (m cm 1 (3 Jakg;0ls &y élk )by UGH r'efr edCHg, 1197C§§p=t endes ROD2 28 EXAMPLE
17. Catalysis of the hydrofornylation of styrene by the Rnh(l) conpound (1j)
The hydrof ornyl ati on reddtioretofusiyrerieas sakse resilput shed sby 00- ndy
stainless steel reactor 5 conprising a jacket allow ng heating by

circul atién oﬁikﬁﬁr%ﬁt%f"tenperature controlled using a thernostat. The lid
of the reactor is equipped with a valve for introducing or discharging
gases under pressure, with an accurate nmanoneter, with a safety valve and
with a 10 ball | QM the tr fer. o ol utions w a syringe. A
Tefl on pot is%ﬂgﬁ—gﬁsggg’ eeSlaSutootgﬂzf\‘/ee I\é]n{ili)orfb?ﬁ‘%%%my m%)néti c bar for
stirring the reactants. The Rh(1) conplex (Ij) prepared in Exanple 15 15 zs
charged (40 ng) to the Teﬂhonn1pp?¢ as wett as 148 ng of triphenyl phosphine
(5 equivalents with respecb{tg/ﬂQF cafalys 5>\Jﬁe aut ocl ave i s assenbl ed
and purged three tines with zr nc_lamaLﬂgécjetrahydrofuran, 5 m of
styrene and 60 ng of 20 trieth m nel (4 equ | ents with respect to the
catal yst) are subsequently £harfded. A carbdh nonexi de pressure (15 bar) and
a hydrogen pressure (15 bafjs are then est@blished. Theradjt ocl ave is heated
to 60C with magnetic stirring. After reacting for 4 h at this 25
tenperature, the autoclave is quickly cooled in an acetone/liquid nitrogen

m xture and depressurization is carried out over one hour. A sanple of the
reacti on 2.4 g of dicationic compound (IIle), prepared

in Example 5, are added to a suspension of 0.442 g of
Ni diacetate and 0.75 g of Na iodide in 50 ml of THF.

10 The mixture 1s stirred at reflux for 2 h. A coloured
precipitate is formed, which precipitate is filtered
off and washed several times with THF. The complex thus
or-ained is recrystallized from an acetone/ether
mixture at -30°C. The recrystallized complex (Ic) is

15 red and it exhibits a melting point of 310.7°C
(decomposition: the crystals become black). A yield of
85% is obtained with respect to the dicationic compound
(I1Ie) .

This complex exhibits the following

20 characteristics:

- Y NMR (d,-acetone): & 7.8-8.0 (broad, 10H, phenyl H),

4.88-4.84 (2s, 6H, NCH,;), 4.54-4.49 (2s, 6H, CH;3N),



m xture i s anal ysed by vapour phase chromatography 19 Septenmber 2002 29
(VPC) . The followng results are obtained: - degree of conversion of the
styrene: 950 - selectivity for aldehydes: 970 ' 5 - breSepté@stber 2002

al dehyde/ |l i near al dehyde ratio: 95/5 - frequency of rotation of the
catalyst: 75 h-1 (calcul ated by average with regard to the reaction tine,
taking an identical VPC response factor 26r all the products). 10 EXAMPLE
18 Catal ysis of the hydrofornylation of styrene by the Rh(l) conmpound (Ik)
Exanpl e 17 is4répeated Wsh 48, ngHeR) conpl ex (I k) prepared in Exanple 16
and w t hout enploylng tri phenyl phosphine. 15 After reacting for 3 h at 80C,
the autocl ave-is quNT"tﬂd WIeBed 4 B 7arP ad@hdne/ Bi7qdi d GHiaNd 0gé8 -#i xt ure and
depressurization is carried out, over one hour. A sanple_of the reaction

mxture i s andfys8d bA2 Vabold: ph%se*cﬁ?@naﬁo@ﬂapﬁfslVPE?O 20 TRE 8ol | owi ng

results are obt i hed: degree onversio tyre 960 -
selectivity fof a}ﬁ%h§dzghe§b o5 §Hcﬁe3C Bihyaéﬁl?nZSrNéPdehyde ratio:
25/ 75 -.frequency of rotation_of the catal uIated by
aver age m%th regard to %%@ ?gﬁngBEe ﬁﬁlﬁﬁggﬁlfﬁéﬁ?lg VBEYr esponse

factor for alélépg ${gg ycts) . 19 Septenber 2002 30 CLAIMS 1.
Organonetal |'i ¢ conpl eéxes conpri sing heterocyclic carbenes, characterized in
that they 5 correspond to the general fornula (1) ~ IZ+X—)nNLn)Y ()

EXAMPLE 10. Synthesis of the Ni(II) compound (Id):

P CH, CH
CH, | N /
N N
—
{ C —a Ny ~— (o\ 1
LT TN
/ \h( ; N \
N s CH,
CH, CH, CH,

2 CF,S0,

0.425 g of dicationic compound (IIIf),

prepared in Example 6, is added to a suspension of

10 0.090 g of Ni diacetate and 0.15 g of Na iodide in
25 ml of THF. The mixture is stirred at reflux for 2 h.
A coloured precipitate is formed, which precipitate is
filtered off and washed several times with THF. The
complex thus obtained is recrystallized from an

15 acetone/ether mixture at -30°C. The recrystallized
complex (Id) is red and it exhibits a melting point of
300-305°C (decomposition: the crystals become black). A
yield of 79% is obtained with respect to the dicationic
compound (IIIf).

20 This complex exhibits the following
characteristics:

- 'H NMR (dg-acetone): 6 4.88-4.84 (2s, 6H, NCH,), 4.54-



i

in which: - Z represents a l,2,4-triazoliumb5-ylidene ion, at |east a
portion of the atons of the ring of 10 which are substituted by
hydrocarbon-conprising radicals, _ - L represents a |{1ggsstenmier 200xan be
ionic or neutral, - Mrepresents a netal chosen fromthe 15 transition

el ements from G oups | b, 2b, 3b, 4b, 5b) 6b) 7b and 8 of the Periodic
Classification of the Elenents, - X- reprgsents an organi c or inorganic
anion, - mrepresents an integer froml to 6, 20 - n represents an integer
fromO to 5, «4.ube (2wm efi,mcnw)of 4n4ebssequal(2tq en,l essNyhan .63 ~(sY
represents an anion or a ration such that the netal conplex is electrlcally
neutral . 1968eptedigt . 2002 31 2. Organonetal lic conpl exes according to
claim1l1, characterized in that the 1,2,4-triazolium5 yIidene ions Z
correspond t o-t RaC gdiRr &FDfRul & 3186 (E-CH))~ @6 (=1 JCHN)/, B746 which Ri,
R2, R3 and R ~, which are identical or different, represent: - a linear or
branched al kyl(CHaNi caPBoP ACHyN| oal k¥ 1r &@i calcr = @7 0arlyMz.adiFedl,, 10 - an
al kyl radi cal which conprises one or nmore substituents, such as an aryl
radi cal, an atRéx$ r&aMedr, 187h& dGeN*dtom or a hydrophilic group, for

le: - COOML ML, or -PO3ML, M repr ntin
exanpl 503 TS str%%ture waSEplggee%% %llshed by X-ray

diffraction.

EXAMPLE 11. Synthesis of the Ni(II) compound (Ie):

c /CH! 1 CH\3 H
I N N /
—
S VAN
| @ C—= NI <—C\® &
/C ™~ l N/ \ -
AN ! s CH,

H CH CH,

0.935 g of dicationic compound (IIIa),
10 prepared in Example 1, is added to a suspension of
0.200 g of Ni diacetate and 0.34 g of Na iodide in 30
ml of THF. The mixture is stirred at reflux for 2 h. A
coloured precipitate is formed, which precipitate is
filtered off and washed seVveral times with THF. The
15 complex thus obtained 1is recrystallized by slow
diffusion of ether into a solution of the said complex
in acetonitrile. Recrystallization is carried out from
an acetone/ether mixture at -30°C. The recrystallized
complex (Ie) is red. A yield of 70% is obtained with
20 respect to the dicationic compound (IIIa).
This complex exhibits the following

characteristics:



15 inorganic or organic cationic residue chosen froma proton, cations
derived fromalkali nmetals or alkaline earth netals, or ammoni um cati ons
-N(R)4, in the formula of which cations the R synbol sq9 $bptettitr2obglenti cal
or different, represent a hydrogen atomor an al kyl 20 radical having from
1 to 4 carbon atons, -N(R)3Ya, in the fornmula of which the R synbols) which
are identical or different, represent a 2219 Septenber 2002 32 hydrogen
atomor an al kyl radical having from1 to 12 carbon atons and Ya represents
an inorgani c er ‘Hr ydRi ddgnacaton®H; b 4.2aA-aryb oesar aHkylCHQN) cyel eal-kyl
radi cal which conprises, on the ring, one or nore substituents, such as an
al kyl radical 4.&% dRkoxyH,adHglll , 4.HRal-6gék dRem 6H,aNeydr ophi.BRc (gr,oup,
for exanple: -COOML, -SO03ML, or -PO3ML, M representing an 10 inorganic or
organi c cati oBHe €Hdi-due chosen froma proton, cations derived from al kal
metal s or alkaline earth netals, or ammoniumcations -N(R)4, in the formul a
of which cations the R synbols, which are identical or different, represent

a hydrogen ataom or _an_al kyl 15 radical havi froml to carbon atons,
MR Ve n ERetenRiad, Synbheai= R RhEy mogid) Rhrer e (adn | cal or
different, represent a hydrogen atomor an al kyl radical having from1l to
12 carbon atons and Ya repr§§ents/am iporqa@ic orc,8r gani ¢ 20 ani on, -OH,

3 N

AN IV a:

1 @ C o Pg-—-—C @ I
€ | \ //N\
/ ! N CH

AN s/

3
E's CH’ CH3

5 0.472 g of dicationic compound (IIle),
prepared in Example 5, is added to a suspension of
0.112 g of Pd diacetate and 0.30 g of Na iodide in
60 ml of THF. The mixture is stirred at reflux for 2 h.
A coloured precipitate is formed, which precipitate is

10 filtered off and washed several times with ether. The
complex thus obtained is recrystallized at -30°C from
an acetone/ether mixture. It exists in the form of
yellow crystals. The recrystallized complex (If)
exhibits a melting point of 211-213°C (decomposition:

15 the crystals become brown). During the reaction, all
the trifluoromethanesulphonate anions were substituted
by iodide anions. A yield of 51% is obtained with
respect to the dicationic compound (IIIe).

This complex exhibits the following

20 characteristics:

- 'H NMR (d4,-DMSO): & 7.8-8.1 (broad, 10H, phenyl H),

4.49-4.53 (2s, 6H, NCH,), 4.21 (s, 6H, CH,N), 4.10-4.13



R3 al so represents a hydrogen atom Rl and/or R4 can al so each represent an
organic ligand residue bonded to the nitrogen atomof the 1,2,4 25
triazolium5-ylidene ion via an al kyl ene or aryl ene rgglggstembet 2062 Ng
possi ble for the said |Iigand residue 19 Septenber 2002 33 to be a
phosphat e resi due, a phosphonite residue, a phosphinite residue, a
phosphi ne resi due or an am ne residue whbgh is tertiary and aliphatic,
cycloal i phatic, aromatic or heterocyclic and which acts 5 as ligand L to
the netal M 32sg}ganoaggnjlic conpl exes according to either of clains 1
and 2, characterized in that RL and/or RQ represent an organic |igand

resi due bonded tir tNMR nids-ageso)at amof. 2 hecH, N2, 4-3tgr .izazi@H i, 53yl isdene i on
10 via an al kyl ene or phenyl ene radical, the said |igand residue deriving
from phenyl ofChalky] ph@sphatzg, 9sabdtisat&d(phennpsubdsti tbobed hyg-
substituents as defined above, or from phenyl or al kyl phosphonites,
substituted oPhunsubstbt t€eBdby substituents as defined 15 above) or from
phenyl or al kyl phosphinites, substituted or unsubstituted by substituents
as defined above, or frbhfpRERYFPHESPHRAe8lEr aFkjbphebshi he's X-sabsti t ut ed
or unsubstituted by substituents as defined above. 20 4. Organonetallic
conpl exes accodtHfRgcteBne of clains 1 to 3, characterized in that L
represents an ionic |igand chosen from halides or cyanides or a neutral

| i gand chosen from carbon nonoxi de, an isonitrile, a phosphine, an organic

EXAMPLE 13. Synthesis of the PA(II) compound (Ig):

CH CH
CH, s N /CH:
1 N N
N N
N~ -
7D c—emPowm—c (- ;
c "/ ! \ N
/ N N AN
AN ! s CH,
CH, CH, CH,

0.425 g of dicationic compound (IIIf),
prepared in Example 6, is added to a suspension of
10 0.112 g of Pd diacetate and 0.30 g of Na iodide in
60 ml of THF. The mixture is stirred at reflux for 2 h.
A coloured precipitate is formed, which precipitate is
filtered off and washed several times with ether. The
complex thus obtained is recrystallized at -30°C from
15 an acetone/ether mixture. It exists in the form of red
crystals. The recrystallized complex (Ig) exhibits a
melting point of 206-212°C (decomposition: the crystals
become brown). During the reaction, all the
trifluoromethanesulphonate anions were substituted by
20 iodide anions. A yield of 60% is obtained with respect
to the dicationic compound (IIIf).

This complex exhibits the following



25 phosphate, a phosphonate or a phosphonite. 19 Septenber 2002 34 5.
Organonetal l'ic conpl exes according to one of clains 1 to 4, characterized
in that Mrepresents a netal chosen from nickel, cobajgtsegtéaber 2002heni um
rhodium palladium osmium iridium 5 platinum copper, silver, gold,

zinc, cadmumor nercury. 6. O ganonetallic conplexes according to one of
clains 1 to 5, characterized in that the2% anions are weakly coordi nating
ani ons and predom nantly 10 constitute the counterions of the

1,2, 4-tri azol fharscyeradshecbons. 7. Organonetal lic conpl exes according to
claim®6, characfierized in that the weakly coordinating anions X- are chosen
fromtrifluoronel MMRs(BpHdfe: 45! t‘é%r%f?%of%%or@t‘e,l‘]%x)af | 402 Dphosphat e,
alum niumtetrachloride, alum niumtetrabronide, alumniumtetrafluoride)

al umi ni um t et ?8i oG el + ght 1o ufm Lt F&8nl BFr dEH3h1 17 uT t E8F abf oftige; gal 1§ um
tetrafluoride or galliumtetrai odide. 20 8. Process for the preparation of
t he organonetal lic conpl exes of general fornmula (1), characterized in that

a dicationic BelarOeyel! csGRIRAUSd 8k 0RBCHRl() OLBHLBULY! Idhh) . 19 Septenmber

CH

CH:’ N/CH3 co JN /CH)

N/ ' \C

' @ C—w= Ni ~—C - riq
/ N co N CH
CH, CH, CH, ?

2 CF 80,
5 Synthetic Method A

1 ml of nickel tetracarbonyl is diluted in
40 ml of anhydrous and degassed acetonitrile. 380 ul of
pyridine and 660 pl of triethylamine are added to the
solution obtained.

10 A solution of 2.0 g of dicationic compound (IIIf),
prepared in Example 6, in 60 ml of anhydrous and
degassed acetonitrile is added dropwise using a
dropping funnel. Gas is observed to be given off and
the solution turns yellow in colour. When all the

15 solution has been introduced, stirring is maintained
for a further 1 h. The volume of the reaction solution
is subsequently reduced by two thirds by evaporation of
the solvent under vacuum and then 200 ml of degassed
ether are added. A precipitate of the complex (Ih) is

20 then formed, which precipitate is filtered off and
washed several times with ether. The complex thus

obtained is recrystallized from an acetone/ether



ZX in which - the Rl, Rz , R3 and R4 synbol s have the nmeani ngs shown above
for the 1,2,4-triazoliumb5-ylidene 5 ions of fornmula (Il), - - X-
represents an anion such as those shown for the generfd Sépteriben2002 , is
reacted with a conpound of the nmetal Min the presence of an inorganic or
organi c base. 10 9. Preparation process according to claima8, characterized
in that the reaction is in Iiquid mediumzsthe conpound of the nmetal M and,
if appropriate, the inorganic or organic base being added to the solution
~r suspensi onméktuie @snpo@fd -(1The aamplRex hWd hgr eéparsdts om bdisngdwamri ed out
wi th anot her order of introduction of the reactants, at roomtenperature
or, preferabl 9f xelidowemperiadce éftszsr@htdq%@elnfo coydd grott the
organonetalllc conpl exes of fqrnmula (1) accaording to one of clains 1 to 7,
as 20 catal ysti§t81méﬁ§ﬁ1| EXR et |d§r?§mpf’fltl3§é‘ ag&‘&r GG 433 ScIPRIGAT™ i n t he
hydrosi |l yl ati on of nes.aor qQf _glkynes) in particular 19 Sept enber 2002
36 in the pregéﬁgB)of ﬁ?ﬁé%|ﬁ%(§§ﬁﬂ¥&é%maﬁﬁﬁ%hwdF HSAPSStort ft t ones

in the presenge 0 heni conpl exes, the Heck reaction in the
presence gf paﬁFagﬁﬁﬁﬁco% @ggundfuﬁgkﬁghrogenation of olefins, 5 aldehydes,

aci ds) enam des and ”'t&ﬁﬂro@@ﬁ?ié%P%BﬁHﬂﬂis'@h%h%o ﬁ?ﬁ§$§e|on rut heni um

rhodi um platinum or palladi um Conpl exes, the hydrofo and t he
hydr ocar bonyl at @Rt rokefiikas in the presence of rhodi um conpl exes, the
hydr ocyanati on of olefins in the 10 presence of nickel conplexes) the

synthesis of fukanvmr thg-pmesence of pputbensum gonpl exessst he, neg at hesi s
o CH,N), 3.78 (s, 6H, CH3N), 2.72 (6H, C-CHs).
10 Bands at 1982 cm ! and 1906 cm™! (CO) are
observed by Infrared spectrometry.
Its structure was also established by X-ray
diffractlon.
The following were found by elemental
15 analysis:
- 28.99% of C (theory 28.89%)
- 3.36% of H (theory 3.63%)

- 12.39% of N {(theory 12.62%).

Synthetic Method B

20 150 mg of activated metallic Zn powder (10
equivalents) are added to a solution of 0.2 g of the
organometallic complex (Id), prepared in Example 10, in
10 ml of anhydrous and degassed acetonitrile. The
solution is placed under a carbon monoxide atmosphere.

25 The reaction begins at the same time as the stirring 1is
begun. The solution becomes yellow. The solution is

filtered using a tube and then it is treated in the way



olefins in the presence of ruthenium conpl exes, or the polynerization of
acrylates in the presence of nickel conplexes. 15 12. Dicationic
het erocyclic conpounds) characterized in that they cot9S§stembet 2002he

followi ng general forrmula (Il11): Z~ R N~\ 1 Q~"rnyc.~v R L 2x "' in
which R1, R2, R3 and Rq) which are identical or 20 different, represent. -
a linear or branched al kyl radical or a egcloal kyl radical, 99 Sept enber
2002 37 - an aryl radical, - an alkyl radical which conprises one or nore

substi tuent s, dsachihsdafmoar Yethadi dal(fram abeorgdigdiovalof ®tharogen at om or
a hydrophlllc group, for 5 exanple: -COOML, -SO3ML , or -PO3ML, M

repr esent i ng @nderoFaRFECPisR§anithec srgenmetadildge cORPIEN)f.r Gea pr ot on,
cations derived fromalkali nmetals or alkaline earth~nmetals, or anmonium
cations -N(R)¥ieild eheaiBeAulLs f@°oﬂl%ﬁ| ERSB&CLORS £HE R symbol s, which are

identical or different, rep resen drogen ataom or an al kyl _ _radi cal
havi ng fron11°F6aR°ESF66H1§tSHEP ¥§Wafhﬁﬁgﬁﬂe FBFWﬁP&eanﬂHY@ﬁsthe R
synbol s, which are i dentical or dlfferent Bresent a.

5 an characterizations are caﬁrrle out as in Method A

and the results are the same.

EXAMPLE 15. Synthesis of the Rh({(I} compound (Ij):

CH,

\N//
) @ C ——= Rh{CO), i)
C\/

/ N

CH, CH,
CF,S0,

v
N

A solution of 0.277 g of di({carbonyl)rhodium
acetylacetonate in 10 ml of THF is added to a
10 suspension of 0.456 g of dicationic compound (IIIf),
prepared in Example 6, and of 0.16 g of Nal in 40 ml of
THF. The mixture is stirred at 50°C for 2 days. A brown
solid is recovered after evaporation -  the solvent and
washing several times with ether. The yield is 70% with
15 respect to the dicationic compound (IIIf).
This complex exhibits the following
characteristics:
- 'H NMR (d¢-DMSO): & 4.47 (s, 3H, NCH,), 4.28 (s, 3H,
CH3N), 4.20 (s, 3H, CH3N). 2.96 (s, 3H, C-CH,).
20 - ¥3C NMR (d¢-DMSO): & 10.5 (s, C-CH,;), 35.2 (s, NCH;),
36.8 (s, CH,N), 37.9 (s, CH3N), 154.2 (s, C-CH,), 183.0

(d, 'J(Rh-C) = 82.9 Hz, CO), 188.1 (d, 'J(Rh-C) = 42.2



15 hydrogen atom or an al kyl radical having from1l to 12 carbon atons and
Yd represents an inorganic or organic anion, -OH - an aryl or aral kyl or
cycl oal kyl radical which 20 conprises, on the ring, ORgs@pteilic? 2002
substituents, such as an al kyl radical, an al koxy radical, a hal ogen atom
or a hydrophilic group, for exanple: -COOML, -SO-M ( or -PO~M M
representing an inorganic or organic catimnic residue chosen fron1a 25
proton, cations derived fromalkali netals or alkaline earth netals, or
anmoni um cat i dis, -N{R)elpe i@ t he formul a 19 Sept enmber 2002 38 of which
cations the R synbols, which are identical or different, represent a
hydrogen atom or an al kyd baud cat havs ngmTh oifol tics L@aﬁxnbﬂhhmorrs
-NtR)3Ya, in the formula of which the R5 synbols, which are identical or
different, represiedited hydrogen atom or an al kyl radical having from1 to
12 carbon atons and Ya represents an inorganic or organic anion, -OH 10 R3
al so represents a hydrogen atom R, and/or RQ can al so each represént an

organi c |igand residue onded to the nitrogen atomof th
triazolium 5- ﬁ—yié@#é“" Rt af“%fhe%llskﬂgn%h%r I TR ah’q t being
possible for the said Iigand residue 15 to be a phosphite residue, a

phosphonite residue, a phosphlnlte restdue, a phosphi ne residue or an am ne
residue which is tertiary and aRLpDaNIC

C) C—= RK'(CO), (k)
/ N

H CH

} 2 CF,50,

5 A solution of 0.200 g of dil{carbonyl)rhodium
acetylacetonate in 10 ml of THF is added to a
suspension of 0.16 g of dicationic compound (IIla),
prepared in Example 1, in 10 ml of THF. The mixture is
stirred at 50°C for 15 h. A brown solid precipitate is

10 formed, which precipitate is washed several times with
ether. The yield of complex (1k) is 67% with respect to
the dicationic compound (IIla).

This complex exhibits the following
characteristics:

15 - 'H NMR (d,-DMSO): & 4.20 (s, 3H, NCHy), 4.22 (s, 3H,
CH,;N), 4.25 (s, 3H, CH;N), 9.66 (s, 1H, CH).

- 13C NMR (d¢-DMSO): & 38.6 (s, NCH,), 38.7 (s, NCH,),
39.1 (s, CH3N), 37.9 (s, CH3N), 121.1 (g, 'Jop = 320.
1 Hz, CF,), 145.5 (s, CH), 186.1 (d, 'J(Rh-C) = 76 Hz,

20 CO), 187.9 (d, 'J(Rh-C) = 43.3 Hz, carbene C).

Bands at 2029 (i) cm™! and 1985 (m) cm™* (CO)

are observed by Infrared.



cycloaliphatic, aromatic or heterocyclic, X- represent organic or inorganic
anions. 20 13. Conpounds according to claim 12, characterized in that the
X- anions are weakly coordi nating anions and predom ngSéptefribesod2it e t he
counterions of the 1,2,4-triazoliumb5-ylidene ions. 14. Conpounds according
to claim13, 25 characterized in that the weakly coordinating anions X are
chosen fromtrifluoronet hanesul phonate, 2819 Septenber 2002 39

tetrafl uoroborate, hexafl uorophosphate, alum niumtetrachloride, alum nium
t et rabrom de, EXANPAB| U t efadlyoisdef whenhpduofoenyaavdbdepfgal |ium
tetrachloride, galliumtetrabromde, gallium5 tetrafluoride or gallium
tetrai odi de. SyrepecdesstierRhhe) nepmpaendr éInf a di cationic heterocyclic
conmpound according to one of clainms 12 to 14, characterized in that it
consists in reacting a EeRmpoydee 6Privaulan XReack kopheEhsXyaadeRZs10 have

t he meani ngs indi cated above, with a nonocationic triazoline derivative of
fol l owi ng gerfGtET 1%t al'R 2 NLAR !l Hpfaimlafs REteel xeackarwhi ch: "R1, RS,
RQ and X have the neanings.indicated 15 above., . A A@Q/. AQu Y. A,
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introducing or discharging gases under pressure, with
an accurate manometer, with a safety valve and with a
10 ball valve allowing the transfer of solutions with a
syringe. A Teflon® pot is fitted inside the autoclave
and comprises a magnetic bar for stirring the
reactants.
The Rh(I) complex (Ij) prepared i1n Example 15
15 1s charged (40 mg) to the Teflon® pot, as well as
100 mg of triphenylphosphine (5 equivalents with
respect to the catalyst). The autoclave 1s assembled
and purged three times with argon. 15 ml of
tetrahydrofuran, 5 ml of styrene and 60 mg of
20 triethylamine (4 equivalents with respect to the
catalyst) are subsequently charged. A carbon monoxide
pressure (15 bar) and a hydrogen pressure (15 bar) are
then established. The autoclave is heated to 60°C with
magnetic stirring. After reacting for 4 h at this
25 temperature, the autoclave 1s quickly cooled in an
acetone/liquid nitrogen mixture and depressurization is
carried out over one hour. A sample of the reaction

mixture 1is analysed by vapour phase chromatography
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0 & 0 & 0 & g &
10% & ()-MOW & () - thAa& )O%%gé%%egglllc complexes comprising

heterocyclic carbenes, characterized in that they
5 correspond to the general formula (I)
[(Z2°X7)mMLp]Y (I)
in which:
- 2" represents a 1,2,4-triazolium-5-ylidene
ion, at least a portion of the atoms of the ring of
10 which are substituted by hydrocarbon-comprising
radicals,
~ L represents a ligand, which can be ionic
or neutral,
- M represents a metal chosen from the
15 transition elements from Groups 1b, 2b, 3b, 4b, 5b, &b,

7b and 8 of the Periodic Classification of the

Elements,
- X' represents an organic or inorganic anion,
- m represents an integer from 1 to 6,
20 - n represents an integer from 0 to 5,
~ the sum of m and of n is equal to or less
than 6,

- Y represents an anion or a cation such that

the metal complex is electrically neutral.
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5 in which R;, Ry, R; and Ry, which are identical or

different, represent:

- a linear or branched alkyl radical or a
cycloalkyl radical,

- an aryl radical,

10 - an alkyl radical which comprises one or more
substituents, such as an aryl radical, an alkoxy
radical, a halogen atom or a hydrophilic group, for
example:

-CO0OM;, -S03M;, or -POsM;, M; representing an

15 inorganic or organic cationic residue chosen from a
proton, cations derived from alkali metals or alkaline
earth metals, or ammonium cations -N(R);, in the formula
of which cations the R symbols, which are identical or
different, represent a hydrogen atom or an alkyl

20 radical having from 1 to 4 carbon atoms,

-N(R)3Ys, in the formula of which the R

symbols, which are identical or different, represent a
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comprises, on the ring, one or more substituents, such
as an alkyl radical, an alkoxy radical, a halogen atom
or a hydrophilic group, for example:
-COOM;, -SO3M;, or -POsM;, M; representing an
10 1inorganic or organic cationic residue chosen from a
proton, cations derived from alkali metals or alkaline
earth metals, or ammonium cations -N{R);, in the formula
of which cations the R symbols, which are identical or
different, represent a hydrogen atom or an alkyl
15 radical having from 1 to 12 carbon atoms,
-N(R)3Y,, in the formula of which the R
symbols, which are identical or different, represent a
hydrogen atom or an alkyl radical having from 1 to 12
carbon atoms and Y, represents an inorganic or organic
20 anion,
-OH,
R; also represents a hydrogen atom,
R, and/or Ry can also each represent an organic ligand
residue bonded to the nitrogen atom of the 1,2,4-
25 triazolium-5-ylidene 1on via an alkylene or arylene

radical, it being possible for the said ligand residue
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residue which is tertiary and ali atic,

cycloaliphatic, aromatic or heterocyclic and which acts
5 as ligand L to the metal M.
3. Organometallic complexes according to
either of claims 1 and 2, characterized in that R,
and/or Ry represent an organic ligand residue bonded to
the nitrogen atom of the 1,2,4-triazolium-5-ylidene 1ion

10 wvia an alkylene or phenylene radical, the said ligana
residue deriving from phenyl or alkyl phosphites,
substituted or unsubstituted by substituents as defined
above, or from phenyl or alkyl phosphonites,
substituted or unsubstituted by substituents as defined

15 above, or from phenyl or alkyl phosphinites,
substituted or unsubstituted by substituents as defined
above, or from phenylphosphines or alkylphosphines,
substituted or unsubstituted by substituents as defined
above.

20 4. Organometallic complexes according to
one of claims 1 to 3, characterized in that L
represents an ionic ligand chosen from halides or
cyanides or a neutral ligand chosen from carbon
monoxide, an isonitrile, a phosphine, an organic

25 phosphite, a phosphonate or a phosphonite.
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one of claims 1 to 5, characterized in that the X
anions are weakly coordinating anions and predominantly

10 'constitute the counterions of the 1,2,4-triazolium-5-
ylidene ions. )

7. Organometallic complexes according to

claim 6, characterized in that the weakly coordinating
anions X  are chosen from trifluoromethanesulphonate,

15 tetrafluoroborate, hexafluorophosphate, aluminium
tetrachloride, aluminium tetrabromide, aluminium
tetrafluoride, aluminium tetraiodide, gallium
tetrachloride, gallium tetrabromide, gallium
tetrafluoride or gallium tetraiodide.

20 8. Process for the preparation of the
organometallic complexes of general formula (I),

characterized in that a dicationic heterocyclic

compound of general formula (III):



& ()-"10%& ()-1910%& ()- 10XX 10XXaVnVWMVW-\ =C6 10XXf &10%&' ()-! 10%RR& () -
010%&' ()-! ( 10904 ()-& 10%&' ()-y1l0%&' () - V2W WAK<XXdBC6

10XX! 09- 1 109& () - +y109%& ()-' 109& () - &LOY%& () - 9&$ 19 September 2002

109& () - Y" 3109 () - XY* YQYYYYYYUj @ 10XXL109& ()- 10r 10r

10r 8310% & () - 963109%& ()-5109%& ()-!&3' ! 109%& () - YYYYKZZZdE _@

10XX: 109& () - S109& ()-L 109 ()-L 109%& 9 L@0Y% ()- 109%& ()-ZZZZ[[[} <] _@
10XX! s10% () - g10%: ()-! cgl0%&' ()-!)gl0%& () - &@

109! ()-910% ()-[1[([5[>[e[[2[<] @
10XX L$L109& ()-1"" 109& ()-![ s1O%& ()-éslﬁ%ﬁf ()-1 s109& ()-s109%& ()-[q\\}]]]
111dE:/ 10 1

10& 109 () -810%& () - L7g10%& K,) - &, '0%&{ ()4t -S100& ()-, &LO%& ()-"11]1]1h rArA
xY7/ 10!)T10%&' () - &310%&' ()- LGlm/egC'j) LGID%&: () - 910%,() - 10%' () -

10/\/\/\/\/\/\/\\NtJ37/ l

1! cl109%&' ()-!cl0%& ()-! Tlo%\ll\l&'/f)*! \10°/$$ R' ()-10T10%&' ()-! T10%&' ()-~" """ Q
z[ <7/ R R,

11793109 () - &310%&' () - - 10%& (’) -1 Cc109%& d -1c80IR ()-'r0c10% . & ()-__, b "
an<7/

11°147) 71 10%ipRwihi-od ) ! 10%p& () - 9& 3109 () - &&10%& ()-! Y"9! 109%&' () -9y
109&' () - aaabobpbgbr bbrdVv7 1!910%&' ()- 10t3t3 10t3t3

10t 3t 3! " 6! 10% 3t 3& () - -6/tHIYR, () RD 10K st FY3E0HBo( - hebecBaecaBdV7

11 10%& () - @ 10%& ()- 109K ()-!$& f109%& ()-& f10%& ()- " 10%& ()-Cccceccc
dr?2dV7 1! 91@RE NG no'sMEGUE( ) HOMEO ¥& r{ JeH MO %8, 4(erVEQWR 1 (k- 5 -LA%E e
dvddeQeee}*?2dVv7 1!/ 10%& ()-9- !10%& ()-+10%& ()-!L

(:$10%z&'y() 1 @&LOUE (ForhA1a1Q%Y®)()-eZffffffffxnmbC
- X represents an anion such as those shown
for the general formula (I),
is reacted with a compound of the metal M in the
presence of an inorganic or organic base.
10 9. Preparation process according to
claim 8, characterized in that the reaction is in
liquid medium, the compound of the metal M and, if
appropriate, the inorganic or organic base being added
to the solution »r suspension of the compound (III) or
15 the preparation being carried out with another order of
introduction of the reactants, at room temperature or,
preferably, at a temperature of 25°C to 150°C.
10. Use of the organometallic complexes of
formula (I) according to one of claims 1 to 7, as
20 catalysts of chemical reactions.
11. Use according to claim 10 in the

hydrosilylation of alkenes or of alkynes, in particular
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palladium complexes, the hydroformylation and the
hydrocarbonylation of olefins in the presence of
rhodium complexes, the hydrocyanation of olefins in the

10 presence of nickel complexes, the synthesis of furan in
the presence of ruthenium complexes, the metathesis of
olefins in the presence of ruthenium complexes, or the
polymerization of acrylates in the presence of nickel
complexes.

15 12. Dicationic heterocyclic compounds,
characterized in that they correspond to the following

general formula (III):
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in which R;, R;, R; and Ry, which are identical or
20 different, represent:
- a linear or branched alkyl radical or a

cycloalkyl radical,
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proton, cations derived from alkali metals or alkaline
earth-metals, or ammonium cations -N(R)4, in the formula
10 of which cations the R symbols, which are identical or
different, represent a hydrogen atom or an alkyl _
radical having from 1 to 4 carbon atoms,
~N(R)3Y., in the formula of which the R
symbols, which are identical or different, represent a
15 hydrogen atom or an alkyl radical having from 1 to 12
carbon atoms and Y, represents an inorganic Or organic
anion,
-CH,
- an aryl or aralkyl or cycloalkyl radical which
20 comprises, on the ring, one or more substituents, such
as an alkyl radical, an alkoxy radical, a halogen atom
or a hydrophilic group, for example:
-COOM,, -S03M;, or -PO3M;, M; representing an
inorganic or organic cationic residue chosen from a
25 proton, cations derived from alkali metals or alkaline

earth metals, or ammonium cations -N(R),, in the formula
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coordinating anions and predominantly constitute the
counterions of the 1,2,4-triazolium-5-ylidene 1ions.
14. Compounds according to claim 13,
25 characterized in that the weakly coordinating anions X~

are chosen from trifluoromethanesulphonate,
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15. Process for the manufacture of a
dicationic heterocyclic compound according to one of
claims 12 to 14, characterized in that it consists in
reacting a compound of formula XR,, in which X and R,

10 have the meanings indicated above, with a monocationic

triazoline derivative of following general formula
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in which:
Ry, R3, Ry and X have the meanings indicated

15 above.



