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BACKGROUND INFORMATION

Great progress has been made in the last few years in the application of olefins metathesis
in organiq synthesis. Some ruthenium carbene complexes acting as (pre)catalysts have
been developed, which possess a high activity in various metathesis reactions as well as a
broad tolerance for a number of functional groups. This combination of characteristics is a
basis for the usability of such (pre)catalysts in organic synthesis.

/
Moreover, for the practical application, especially in industrial scale, it is very desirable
that these ruthenium complexes are stable for a longer period of time in the conditions of

thermal load and that they can be stored, purified and applied without the atmosphere of
protective gases.

Ruthenium complexes with the above mentioned characteristics are known in literature.
See J. Am. Chem. Soc. 2000, 122, 8168-8179 or Tetrahedron Lett. 2000, 41, 9973-9976.
However, it has been discovered that a better stability is connected with a lower catalytic
activity. Such a limitation was fqund for example for the (pre)catalyst of the formula A
(see Angew. Chemie Int. Ed. 2002, 114, 332).
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It has been found surprisingly that ruthenium complex (pre)catalysts of general formula 1,
containing an aromatic nitro group, demonstrate much higher catalytic activity in
comparison to known highly active ruthenium complexes and that these complexes are at
the same time thermal and air stable.

BRIEF SUMMARY OF THE INVENTION

Disclosed herein are ruthenium complexes of formula 1, their synthesis, the synthesis of all

intermediates and the use of complexes of formula 1 as catalysts or as precatalysts,

In a first aspect, there is provided a compound of formula 1,
IR
R

X
,I?u_

wherein
L'is aneutral ligand;
X and X' are anionic ligands;
Rlis ~Crs-alkyl or -Css-cycloalkyl;
2.
“ R s ...H’ -C ,_zofalkyl_,_ -C;._go-alkﬂenyl, -C_z_zo—alkinyl » phenyl or naphthyl;



R2 is H -C-malkyl, -C2_20-al kenyl, -C2_20-al ki nyl
phenyl or napht hyl; 3 R is -Cl_6- aIkyI, -C
_6-al koxy, phenyl or naphthyl, wherein phenyl or
napht hyl may be substituted with -G _6-al kyl or

-G _6-al koxy; ICnis 0, 1, # or 3. The conpounds of
formula | may be used to catalyse ol efin netathesis
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wherein R', R?, R? and n are defined as above and
R'is -C20-alkyl;

mis  0,1or2; and

nis 0,1, 20r3.

In
a third aspect, there is provided a process for manufacturing an intermediates of formula 2

or 2a as defined above, which comprises the steps of

a) alkylating a compound of formula 3,
R2
O=
HO "o
RY,

with a reagent of formula R'Z (9) to form a intermediate of formula 4,
R2
O==
O

#,
3,
{R),

NO,

4



N0O2 R (R )" 4 3a and b) reacting the internediate
of formula 4 with an ol efination reagent of fornula
(R4) H2CQ W10 to a conmpound of the general fornula
2, (RAYAmR2 H2ZCNXZ 'OBg (Rn 2 werein R, R2,
R3, R4, mand n of formula 2a, 3, 4, 9 and 10 are as
defi ned above and Wis a |eaving group suitable for
ol efhhati on reactions; Z is hal ogen,
-Cl.6-al kyl -S(0O.2-, -C 6-f|uoro - -
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is provided a process foKthtathesis reacti ons,
conpri sing contacting gonpounds having a C=C
doubl e bond or one conpound hd ing at |east two C=C
double bonds with a catal yst, wherein the catal yst
co ' j SRl £x as defined above. In a
fi??%éﬁg 8@??“?%3?%H?; proé?ded a process for carrying
out a ring closure or c@g&’ metathesis reaction which
process conprises cont #ng a di al kenyl conpound with
a ruthenium conplex as deyi ,above. The partia
formula (R} R2 490 refr ts an al kyl ene group in
whi ch one or both hydegen( ons of the nethyl ene
group may be replaced by the group R4. Accordingly it
covers the followng allcylene groups: HA 2 R4 if

H-~/\ A2 R44R2
wherein R, R?, R®, R%, m and n of formula 2a, 3, 4, 9 and 10 are as defined above and

Wis aleaving group suitable for olefination reactions;
Zis  halogen, -C;-alkyl-S(O),-, -C\5-fluoroalkyl-S(O),-, aryl-S(O),- or aryl-
S5(0);-.

In a fourth aspect, there is provided a process for metathesis reactions, comprising contacting
two compounds having a C=C double bond or one compound having at least two C=C double

bonds with a catalyst, wherein the catalyst comprises a ruthenium complex as defined above.

In a fifth aspect, there is provided a process for carrying out a ring closure or cross metathesis

reaction which process comprises contacting a dialkenyl compound with a ruthenium

complex as defined above.

The partial formula
&), R

HCN

represents an alkylene group in which one or both hydrogen atoms of the metliylene group
may be replaced by the group R*, Accordingly it covers the following alkylene groups:

H R R R H R rROR
= =

A further embodiment provides the preparation of novel ﬁ-alkoxy—S—rdtrostyTene derivatives

of formula 2, wherein:

- A substituted 2-hydroxy-S-nitrobenzaldehyde 3 is alkylated by a R'Z, wherein R! has
the meaning given for formula 1 and Z is a leaving group selected from halogen atoms,
Cy.5-alkyl-S(0)-0O-~, Cy.s-fluoroalkyl-S(0)-O-, aryl-S(0)-O- or ary}-S(0)-O-.
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0. H2O NO2 olefination/ NO2 O~O R (R%»R (Rn 10 4

2 an._t.hen .be cted. with a_ruthenium
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c optplieatiopfreagmmt of fymulaa 1 in which L' and L2 are

neutral ligands; R5 is H, ¥'). 20- al kyl ,

- C2. 20- al kenyl, -CZ 2o0-al kiyppwor aryl; R6 is aryl,
vinyl or allenyl and X and

wherein R* and m has the meaning given for formula 2 and Wis a leaving group
suitable for olefination reactions; to yield formula 2, ‘

0 (R P
0= . H,C
NO, olefination NO,
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1 f,
R
("), R B,
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- Compound 2 can then be reacted with 2 mthenivm complex of formula 5 to result in
the ruthenium complex of the formula 1 in which L and 1.2 are neutral ligands; R is H,
~Cr-20-atkyl, -Ca.z0-alkenyl, -Cazo-alkinyl or aryl; R® is aryl, vinyl or allenyl and X and
15 X' are aniogic ligands. '

%
X.-fl
( 4).-“ Rz xv’Hu=< & . Lt Hz
li.2 R X Iglu
L g el
7 —»- -
H1 (Ha) Hl/
n R,
2 . 1

Optionally, the obtained compound of formula 1 can then be reacted with a different
neutral ligand L to replace the neutral ligand L' that is present in the compound of
20 | formutla 1 and thereby obtain a different compound of formula 1.

The compounds herein described may have asymmetric centres. Compounds containing an
asymmetrically substituted atom may be isolated in optically
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iIs X are anionic ligands. L' Rs () RR XiHu--< L 2 m
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Optionally, the obtai ned conpound of fornmula 1 can

t heyo bwapsasst ed with a different neutral ligand L' to
replace the neutral ligand Li that is present FRIER®O03/011222

conpound of 20 fornmula 1 andst hereby obtain a

di fferent conmpound of formula”1l. The conpounds herein
descri bed ryatyp have asymmetric centres. Conpounds
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may be isolated as a m xture of i'soners or as

separated isoneric fornms. Al chiral, diastereoneric,

racem c forns | c..lsoneric fornms of a
structure are W@?ﬁ&ﬁ%b&éffm%%éwm

stereochem stry or isoneric formis specifically
Fipatieaak & graph Qo L DAV L Qur
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algigts plon Pone s o CrumLtalog a¢arging e opesent inyprsionsisngusing
sgknownitatheninmeatalysty st according to the present

I nvention versus using 1s a known ruthenium catal yst.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20 Ter nms not
specifically defined herein should be given the

meani ngs t haDERAIIRD bESQRIPIIONOFE THEMNENGRsNOf Ski | |
inthe art in light of the disclosure and the context.

used i n the
erms not specifically defined herein should be given the meanings that would be given to

them by one of skill in the art in light of the disclosure and the context. As-used in the
specification, however, unless specified to the contrary, the following terms have the
meaning indicated and the following conventions are adhered to.

In the groups, radicals, or moieties defined below, the number of carbon atoms is often
specified preceding the group, for example, -Ci-5 alkyl means an alkyl group or radical
having 1 to 6 carbon atoms. Uniess otherwise specified below, conventional definitions of
terms control and conventional stable atom valences are presumed and achieved in all
formulas and groups. |

The term "substituted" as used herein, means that any one or more hydrogens on the
designated atom is replaced with a selection from the indicated group, provided that the
designated atom's normal valence is not exceeded, and that the substitution results in a
stable compound.
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speci fication, however, unless specified to the
contrary, the following terns have the neaning

i ndi cated and the foll owi ng conventions are adhered
t e groups, radicals, or noieties defined
bgwgvzﬁﬁo{@segggunber of carbon atons is often spRCIEPMWOB/HO11222
precedi ng the group, for exanple, -Cl-6 al kyl neans
anal kyl group or radical haWng 1 to 6 carbon atomns.
Unl ess ot herw se specified bel ow, conventiona

U6 iefth Mg Ss Bfed HbRIHTEItHe Hbhdbr iRR &Qﬁ%g%gﬁg?{he&he?&&em,

atom v | ences are reagéjpn'e#ﬂj@and achi evec \ )
Popin fe 4 atpryli qsocasboertli Syaemmor wamaia multiermonysliasseiems.
Ferexamplenargirisclodeat pheny! anenaphthphing spstelhogens on t he

designated atomis replaced with a selection fromthe
ated atom s
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nornal Vva

. ehoretrempopiedeesul ts in a stable conpound. 35 WO

2004/ 035596 PCT/ EP2003/011222 6 The term"aryl" as
epeir i | ope.or in conmbination wWth
L PCEmtoR, e PS80 P BPRao Bl Vit other

ano
TebFiE et erapTargclipy siraight or branchadichain afkyltsibstinouts gaithining from

St BBty caftdh af@NPhSteriy 'ytl_g'-&l@lu&eﬁcéﬁ-mﬁﬂgésusgg lel ein have

aphthyl ring.system s. The term "hal ogen .
et Popairied® e EP‘é?gfg?P%é’ﬁ%ﬁtﬁﬁ FPntaias et caebonragnms, precisely a
miaxione, of fivhposiocartmaens The tedos -Cihgatkg 10,.5-alkyl or -C;.¢-alkyl can
inctédic i20mihk bihyPBrogFie St hiyh ’l-ﬁétw&ﬁylai-%ﬂn Rropyfl 2-
coyyi nat.i on vvi_?h anof her ’ suBstt ent,’meang aclyg’llc,
%?‘Fﬁ?rﬁmd o5 lﬁfhg??&%’g%‘y&'hai n al kyl substituents

containing from io one to twenty carbon atonms. The
e e o) b o hercn, it b i SmhRgn 1A Bhner
s Bop B e, Bttt e el Vo bspeningRBRIng from
t¥$ tetwgntysarbon atolrs rndistdenst orthiputtle boml. Th tefn @k ilkenyl" as used

i =] = A ' thyl . '

h(‘éltgrl]l hlis ﬁlet&gﬂqe ﬁfeané d fhgf%‘ﬂg%’ F&ﬁ'—rib“% %:ﬁgt?%dﬂaﬁ‘ls 1SR LY atoms,
PIECYIY RSB of S cdryon HOmh 1 armms Criy atkeuhl e Grytaleenylican
inchdé e wirgd or dlle@P- 20- al kenyl " as used herein, either

al one or in conbination wth another substituent,
means %%yclic, strai ght or branched chai n al kenyl

Thelsep i Coantlkyyb s as i, reifher Alan of in cowbietiorcwith erpther
s@kﬂnmtﬂﬂﬁhn&hcﬁc?@%&ai@ht&)r Uniabited cROA dikydyl SuBsBfudhts containing from
two 5dw 't?kﬁﬁWAtom?&cfﬁ% ?e%t one triple bond. The term "-Cy¢-alkynyl" as used

herein has the same meaning then the above mentioned term but contains less carbon

" atoms, precisely a maximum of six carbon atoms.

The term "-Cs_g-cycloalkyl" as used herein, either alone or in combination with another
substituent, means a cycloalky!l substituent containing five or six carbon atoms and
includes i.e. cyclopentyl or cyclohexyl.

The term "-Cp.s-alkoxy" as used herein, either alone or in combination with another
substituent, means the substitnent ~Cy-¢-alkyl-O- wherein alkyl is as defined above
containing up to six carbon atoms. Alkoxy includes methoxy, ethoxy, propoxy, 1-methyl-
ethoxy, butoxy or 1, 1-dimethylethoxy.
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term but contains | ess carbon atons, 20 precisely a
maxi mrum of six carbon atons. The terns -C _20-al kenyl
enyl can include i.e. vinyl or allenyl.
Theogg?'t&sgég%:z. 20- al kynyl " as used herein, eithBET/ER28036011222
or in conbination with another substltuent means
acyclic, straight or br anched’ chai n al kynyl
substituents containing from 25 two to twenty carbon
atons and at |east one triple bond. The term
-C2. 6-al kynyl" as used herein has the sane neaning
t Qve nentloned term but contains |ess carbon
gﬁﬁﬁgﬁﬂﬁéﬁgﬂgg IMERNERi num of six carbon atons. The
term"-Cs_6- cycloalkyl" as used herein, either alone
@&m&ﬁﬂﬁﬂﬁﬁ 0o B L pb e
eyl o DLoAA R M CROK G 180 SUELL o TE M e
and includes i.e. cyclopentyl or cyclohexyl.
The term "-CL6- al koxy" as%uaed herein, either alone or
in conmbination wth andﬁh@L substltuent means t he
substituent -G -6- aIkyI 0] rein alkyl is as defined
above 35 containing up toos caPbon at ons. Akkoxy
i ncl udes net hoxy, ethoxy, pr poxy, 1-methyl - ethoxy,
but oxy or 1, 1-dinethyl et hoxy. WO ¥04/ 035596

~PCT/ EP2003/ 011222 7 ADDTTIONAL EMB s Preferred are

Mé Bl F coBpdialifof g%ncrﬁ?'"f&%ﬁildf‘l br1a wherdtn: R, R2, R3

! nmed a ove.
¢ 5 B AT RIS 2R n BBVl S o
beﬁelﬁdigalidﬂﬂ’fmnaﬂaﬁmrﬁbkﬁcmrel ntoLlis P(RL1)3 and
R' are each independantly -Cl. 6-al kyl,
-C3_s-cygd ogd'kyl or apylgwor L'yis v ligand of _u
formula 6a~6b, 6¢c or)ad, Re RIORG R YV R

RENN-R® RN N-R' RENN-RT gty N—# -
6a 6b 6c 6d

wherein

Rand R® are each independently H, -Cy.5-lkyl, -Czzo-alkenyl or phenyl, wherein the
phenyl is optionally substituted with up to three groups independently selected
from -Cy.¢-alkyl, -Cy.-alkoxy or halogen; particularly

R’ and R" are each independently H, -C; a0-alkyl, -Cs g-alkenyl or phenyl, wherein the
phenyl is optionally substituted with up to three groups independently selected
from -Cy.¢-alkyl, -C;.¢-alkoxy or halogen or

R’ and R'° together with the carbon atoms to which they are attached are combined to form
a carbocyclic 3 to § membered ring.

Y and Y" are halogen. )

Particularly preferred are compounds wherein

R”and R’ are each independently H, -Cy¢-alkyl, -Cy.¢-alkenyl or phenyl, wherein the
phenyl is optionally substituted with up to three groups independently selected
from -Cy.¢-alkyl, -Cy.s-alkoxy or halogen;
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wherein R7 and R8 are each independently H,

-d _20-al kyl, -C2-20-al kenyl or phenyl, wherein the
uted with up to three

[ S Optionally substit
g?‘ggg@l%é%sag%endent ly selected from -dCl -6-al kyRCGT/EP2003/011222

-Cl. 6-al koxy or hal ogen; particularly RO and R70 are
each i ndependently H, -d _208al kyl, -C2.20-al kenyl or
phenyl, wherein the phenyl is optionally substituted
R’ dnd RiPark Bach 3 RBereRIA, - ngent hefef)
2. 6, al ll(z?j‘ .- Cl4- atlg o¥%-@q%§lﬁgl’ qﬂegr?!mglrlﬁ%i%?gﬁd o
t ogePHEP! RiPHOME SROSFEH wihgtpdo e wpkns fedgagndaptly selected
at t adtver-Cap-elkyl rBj.edkbxyor hdogen oa car bocyclic 3 to 8
REAR gdthd Srith ol M3 WAREBroy2Se RAPAJIGH Alivned to form

preferr a[.e congg%gds wher el n eac
i nde JERURRHIHS S t9 7 mepbeedring| . - 2. 6- al kenyl or phenyl ,
wherein the phenyl is optionally substituted with up

to three groups independently selected from .
-Cl. 6-al kyl, -CL6-al koxy or hal ogen; WO 2004/ 035596

Nest preferise arespmpoynds gf ganerphformule 19r da.agherein ndependent | y
oH, R i€h4soadrigpyll groupehddbkenyl or phenyl, wherein the

P 1S oplhon iLeted Wth.up tq three
P 1 (O 808 Yo SRRl REh &t b dhiathotlahyfidaS T atom;

- @p6/ af koxy or hal ogen or R9 and R10 together with the
«C3X haNXedrORfodea, iyt rind; an@} sached are conbi ned

~

' L oifo a_garbocyclic 5 to 7 nenbered ring. Most
p&éﬂ%ﬁ&%ﬁ%ﬂﬁ%fﬁpounds of general fornmula 1 or Ia,

ewH&riet proup & forrgula 6.9, B¢ o at/owp; and / or to -R2 is
o H R™ded RO 23126 Nbth PbeBbdd, 2, 6-Bi ' %3,3 :
rreagi gﬁ% of a hyglr%gen ai%%ﬂﬁa{gwgﬁ%g?r%’gn %&Hﬁg?nezene,
hdf é , particularly chlorine; and / or L' is

*P(ncdy 6l ohexyl )3; or L' is a group of fornula 6a, 6b,
6c or 6d; and / or is R7 and R5 are 2-nethyl benzene,

2, 6-di nmethyl benzene or 2, 4, 6-trinmethyl benzene;
Additional embodiments are compounds of formula 1 or 1a wherein:
¢ R'is iso-propyl;
» ReisH;
e nis0
¢ X and X are each chlorine; and
e L!isaligand of formula 6a:

wherein R and R® are each 2,4,6-trimethylphenyl; and
o R?andR" are each H.

Preferred are compounds of formula 2a, wherein Rl, R2, R, R4, m and n are defined as

above.
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and/or nis0. 20 Additional enbodi nents are conpounds
of formula 1 or |a wherein: Rl is iso-propyl; R2is
H; nisO0; X and X are each chlorine; and 25 L' is
a WPandelsfornula 6a: s/ \/Rio F? N\WN-RB 6a

wherein and R8 are each 2,4, 6-trinet hyl phen§¢T/ERQ0p/011222
RO and R10 areeach H 30 Pr engrred are conpounds of
fornmul a 2a, wherein Rl, R2, , R4, mand n are
defined as above. WD 2004/035596 PCT/EP20031011222 9
MR2 /o NO2 R (R " 2a Mf@B,Weferred are conpounds of
general fornula 2 or 2a, ein R is a i-so-propyl
group; and'/ or s R2 is Ig Rpal kyl or aryl, in
particular R2 has the nﬁa{ni ny=6f @° hydr ogen at om
and/or R4 is -CS 6-al kyl, iﬂH’martiﬁul ar methyl or
ethyl; and / or ni sOand/or m s0.”™ 10 Additi onal
enbodi ments are conpounds of fornmula 2 or 2a wherein:

- Rlofeprefemedurognmpounds of general formula 2 or 2a, wherein

e Rlisa iso-propyl group; and / or

¢« R%isH, -Cy¢-alkyl or aryl, in particular R? has the meaning of a hydrogen atom;
and / or ~ ’

o R'is -Cy--alkyl, in particular methyl or ethyl; and / or

e nisCand/or

¢ mis(.

Additional embodiments are compounds of formula 2 or 2a wherein:
e Rlis iso-propyl;

s R%isH;

¢ mis0; and

¢ nis0.

Furthermore preferred is a process for manufacturing complexes of formula 1 or 1a,
wherein a compound of general formula 2 or 2a, is reacted with a ruthenium complex of

formula 5
g
X,
X1
L2
5
wherein

L' and 1.2 are neutral ligands

R’is H, -Cyp-alkyl, -Ca.z0-alkenyl, -C.p0-alkinyl or aryl; and
RSis  aryl, vinyl or allenyl; and

X and X' are anionic ligands;

optionally in the presence of a different neutral ligand L'.

More preferred is the above mentioned synthesis of a ruthenjum complex of formula 1,
when the process is carried out:



10

15

25

30

RRisH mis 0; and is nisO Furthernore preferred
is a process for manufacturing conplexes of fornmula 1
or la, wherein a conmpound of general formula 2 or 2a,

is ith a rutheniumconplex of 20 fornmula 5
L~\Js(ffb&$/&§ﬁ;‘gﬂ X 12Rs 5 wherein L' and L2 are REUEP23/011222

ligands Rs is H, -CS-20-al kyI - C2. 20- al kenyl,
-C2. 20-al Il dnyl or aryl; and 195 R6 i s aryl, vinyl or
allenyl; and X and X are anionic |igands; optionally

6nlﬁih@p%s&ﬁﬁ%ﬁ@c@fpe@aﬁhﬁb%@xﬁﬁr@ﬂltz&ﬁ'lo{' gand L'. 30

Mot e refer{gdlsth above nentia&ﬁgl hesis of a
rufrh% T Eergpa 5?Wﬁ‘? pP2{lclag s gistydeng ghloride,
c arhlordomny benzev®, ROEA¢, 03E56) GrdBEleERAMRRAQ 2T, anli@ or | N

éh ﬁt Q(eﬁ@@ﬁﬁﬁe ﬁhf)m% & Rﬂl@@rm%%fculaf 4 aﬁéﬁﬂér&ulﬂje ?Iro%nq‘bqo ’80"}9 more

enat e an aronatlc

/

pal-:"'l“Flﬁlﬂ}F“'a"’rtIayfe E‘Bmf%%?rﬁ% AYd &¥e chl ori de,

« hinox tirhe pmodfmm kme%htmlpwmmar k16menor@Baiidwrano ah,

m xtures thereof; and / or at a tenperature fromO to
100C, in particular at a tenperature from 10 to 80C,
nore s particular at a tenperature from20 to 60C
Mo pteferred is theabdve Mnfieretd @thtﬁésﬁ%mflt rﬁtﬂer@uﬂﬁ' cozhp'lex wherem the

rQa%ﬁPﬁ filbaffed buf R oRLpesHY nBANL i el qfﬁét% ul! 3y 6, 60 or 6d with

erred

arsehﬁ ePIPIEX @%ﬁ@mné&s wheesinboth libends &' anskicarophosghimea of foeiula

PORY");| Whareia RIER&@ke tohnfiinth Bisbve Ad {hbﬁﬁﬁé} a@din n%?%&%%d%f fmula 2

\va 6c or 6d with a solid conplex of
%reln both ligands L' and L2 are phosphlnes of
formula P(Rtt)3, wherein R11 has the nmeani ng as above

OB PrdfébrescPrlibin F A aBOveAndBARsyRihefiOb Mihbofium complex is the

generation of the ligands of general formula 6a, 6b, 6¢ or 64 in situ frorn the stable salts of
the formulae 7a, 7b, 7c or 7d,

RYN__N—R® z : : =y H’—-N—N"—ﬂ° N~<
NR R—N N=R & RN N N=gE
Ta 7b Te 7d

wherein the anion is selected from formiate, acetate, triflouro-acetate or another acid
group, a halogeﬂ or [BF,J. Therefore, the salt is preferably in form of a suspension in
solvents such as aliphatic or aromatic hydrocarbons, preferably hexane, reacted with a
strong base, selected from alkali metal hydrides, alkaline earth metal hydrides or
alcoholates, particularly potassium zerr-pentanolate, potassium tert-amylate or potassium
tert-butanolate. Thereafter reaction is continued by adding a solid complex of formula 5,
wherein both ligands L' and L2 are phosphines of formula P(R'"); and thereafter adding a
ligand of formula 2 or 2a, o yield a compound of general formula 1 or 1a.

Moreover preferred is a process for manufacturing intermediates, which comprises the
steps of a) alkylating a compound of general formula 3, with a reagent of formula R!Z 9
to form a intermediate of formula 4, and b) reacting 4 with an olefination reagent of
formula 10 to yield a compound of the general formula 2,
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or 2a. is One preferred variation of the above
mentioned synthesis of a rutheniumconplex is the
generation of the ligands of general fornula 6a, 6b,

6 situ fromthe stable salts of t he
f V8 “Q}aﬁ?% 7b, 7c or 7d, Rs Rio RO Rioy Y. BGT&EP2003/011222

R-NVNNRBR-NN-RBR-N NRo R~ NviN RB 7a 7b 7c
7d 20 wherein the anion is sélected fromformate,’
acetate, triflouro-acetate or another acid group, a
hal ogen or [BF4]"'. Therefore, the salt is preferably
|n forn1ofaa suspen3|onﬁan sol vents such as hatic
arona c hydrocar begs, preferably hexaneH
wth a Yobase, gd fnnnalkwl meta NO
hydrldE al i ne eﬁ t al Jdes or 2
alcoholategﬁ partlﬁularh% potaSS| n pemt ano
pot assium teft-amyl ate or® pot assi t en- but afdhkat e.
Ther eafter3reaction i sdcontinued byoaddlng a sojid
conplex of formula 5, wherein both ligands L' and L2

‘ngﬁ“‘)ﬁ"%%. o 18 ) PP o8, S0 10gms e a above and
Wétmpa m@fgl’@@rﬁéﬁﬁh ﬂomlnﬁm:aaoh raactidng; andD Mor eover
75 ef RilogR, I (AlBI-8EPSO-, Ler _fm%é‘ilﬁglsktgj{gg &3 8(Q)0- or aryl-

inte di-ates, which conprises t
al ky tng a conpound of general fornula 3, with a
reagent of formula R1Z (9) to forma internedi ate of

formula 4, and b) reacting 4 with an ol efination
formula 10 to yield a conpound of the
l‘{f &e%rreg GYARIPSEsS wWhiyeimthpahoys gwpdoredTieppYioostied 4822 P
. I11n Eiﬂama)?f)l\fbn% paiéuyr sd¥€didd {26 I, ms@ é%et@né\%to
Ry (el enyfeck Euciindy cifanbi o m%ﬂfﬁ%@re%f mokp H?Efquhéale
a§°]‘é{ﬁ’(5\’/%D d°" Wis a | eaving group suitable for
+ oliref biphdsicosniveaBgbeRMted 3t a ph aPa@ﬁP

g y?rgsgggéfléé a@sf. %Wmcgé %‘r }lffl c% st is sglecte(f frgm Cs,CO,, CsF,

quatcrnary ammonium salts, crown ethers or cryptands, more particular Cs2COs3; o

o

+ in the presence of an alkali metal carbonate or an alkali hydroxide, in particular
selected from Nap,COj3, K2CO3, LinCO;, Cs,C03, NaOH, KOH, LiOH, CsOH; or

* inatime period from 1 to 24h, in particular 8 to24h, more particular 16 to 24h.

* atatemperature from 0 to 150°C, in particular at a temperature from 10 to 100°C,
more particular at a temperature from 20 to 80°C; or

Starting from compound 4, compound 2 is available under Tebbe, Wittig, Wittig-Horner,

Wittig-Horner-Emmons or Peterson conditions, but preferred is a process, wherein the

above mentioned step b) is carried out:

¢ in a solvent selected from alcohols, glycol ethers or cyclic ethers, preferred is THF; or

» Wisaleaving group suitable for olefination reactions according to Tebbe, with
Tebbe’s titanium reagent, or according to Witti g, with Wittig’s phosphonium ylide
reagent, more particular a leaving group selected from PPh; or TiCp.; wherein Ph is
substituted or unsubstituted pheny! and Cp is a sibstituted or unsubstituted
cyclopentadienyl-anion, which can be found after reaction in its oxidised form.
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More preferred is a process, wherein the above
mentioned step a) is carried out: 10 in an aprotic
solvent, in particular selected from DM~, DVSO,

ac gtonitrile, ethyl acetate, glycol ether,
nethan61 et hanol or n1xtures t hereof , nore paP¢T/ERROGH011222
t he solvent is DVF;, or n g blphaSIC sol vent system
fitted with a phase transfer gatalyst; or in presence

of a catalyst, in particular the catalyst is selected
fromCs2CQ2, CsF, |Is quaternary ammoni um salts, cromn

PhraipOfenh ¥ BbadRy dFHemBdn € § pRlced ol s epelignsiof
IPas: 89&“8’@8“1% FPOtactipg erwlsﬁn wighep eféalm of gerhE@BUB 1 oK24G8,

Ipmﬁﬁ_‘ﬂﬁ' Wmm mé‘ﬁ%s Ibé(ﬁbh 18 |a| rﬂchI cﬁEs mét&h@sls rb &BOH
period fromi to 24h, in particular t 024h, not

particular 16 to 24h. at a tenperature from 0 to
150C, in particular at a tenperature from 10 to 100C

Z‘He followingaxhinplet ae t@muarateeams&saén&l{o&rﬁén% L ;frgsﬁﬁgﬁem%n and

SRS e p R n 2o

VVttlg Fbrner-EnnDns or Peterson conditions, but
preferred is a process, wherein the above ment i oned
BXapHIE 1S carried out: 2s in a solvent selected from
al cohol s, glycol ethers or cyclic ethers, preferred is
TIT, 9— Wis a | eaving Qroup suitable for

ol efi nat | react ipgns accor ging t0pﬁab@$ w th

Tebbd? HounTTeaygent ,0 BQy d-rﬁg—t-o Wd: @
Wttig s phosphoni umylilide "Teagent, nore Iar a
| eavi ng g¥loup sel ected from#4Ph3 or T|Cp2 ergyn Ph

is substituted or unsubstituted phenyl and Cp is a _
d or uns e
@Sﬁsosén %‘S%W‘mé’ﬁ %%ﬁefﬁlﬁtﬂxﬁf%m%swaﬁﬁ@om @l g 8 mmol), a
cpialytic papuntef cacsivpxdadhonatd (720 mig, 40\&02%@4;1&835@8@111& 4 mmol) in
2993 @ U
S sl MO 18 S
i pere Gt B i s ﬁ%@ef—f}dﬁ@%ﬁe olus wanpaporated in
;:me Vhe regﬂugwaepcairecfto watdh 50I)und bRtradid wﬂﬁ‘BhOMél(@&S ml).
S in
bl A ST R
toy TPge RIpust wag pirifisd §Slm]é%ﬁ-$ﬁé ﬁ@lﬁmofchltoh@tographae nt
(dyclobaxiane B 8:2) © gind 2- k@pﬁ@ok&lg%ﬂlﬁﬁ’ﬁkﬁgyde'ﬂ a5 d¥emelting
sSaqe T 5.0 bRy i on in a vay. 10
IR (KBr): v [em} = 3115, 2991, 2942, 1679, 1609, 1526, 1348, 1284, 111], 950, 832,
748, 667,
*H-NMR (500 MHz, CDCls): 8 [ppmi= 1.48 (d, 6H, J = 6.1 Hz), 4.85 (q, 1H, J = 6.1 Hz),
7.10 (d, 1H, J =9.2 Hz), 8.39 (dd, 1H, I = 2.9, 9.2 Hz), 8.69 (d, 1H, J = 2.9 Hz), 10.41 (s,
1H);
BC.NMR (125 MHz, CDCL): &[ppm] =21.8, 72.6, 113.6, 124.7,125.12,130.4, 141.1,
164.3, 187.8;
MS (EIL: m/z 209 (10, [M]+.), 167 (100), 137 (18), 120 (11),93 (7, 75 (3), 65 (10), 53 (4);
HRMS (El) calculated for [M]+ (CioH;104N): 209.0688; found 209.0686.
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O _ HO/\NRI Pr XO/ \ N\ Ph3P=CH 2o
/'"'\ NOz 3.14.1 2. 1is 41: To a stirred suspension
of powdered anhydrous potassi um carbonate (1.1 g, 8

talytic amount of caesium carbonate (521
mbé?)""?r’%?sgf and 3.1 (668 ng, 4 nmol) in dry DMFA/EEZG03/011222
m) was added neat 2-i odoprogéane (0.8 mM, 8 mmol). The

reacting mxture was stirred?for 24 h at room
tenperature (RT), and then the solvent was evaporated

LR Tommmusﬁmdmmmﬂyas B2 H{geﬂ 35 gl ﬁﬁﬁ@o ) Yas
SR G ATh e {RUE { e it BEXig T} e { mmol, 15M)

or ganl C

g 2sclvtiomef 4l bydy THEA2 mlh Adteythisdhe re@tiod enipmmdiustallveed to
Watrl thir € dnd $ial Stirddd foCAAARMAIA0 'hUKﬁe&hfs R LG AR W solution of

’gﬁ-@ég Bﬁ’é@g%“%ﬁ% %&g‘é H)fﬁﬂ ﬂ&@?ﬂ? Eﬂéola%blf pateriahwaglter¢dneff and

thoteseltigBsdution cvasatef inyaaiud) Cride ptdde) was\pufified by cofumn -

cﬁﬂok?atcg }on%ﬁﬂ 11(95711?3 cﬁ&%%&ﬁé@)&%ié}am ééagé}i -%ré%&xy_y
’T“ﬁ%ﬁf"“’f 4’8“(p W gi @3@&&@3’50&% (q0 1H J = 6.1
TRAfilm): ¥ (@’ ](:d3088n29&2 2969, 527607 3.588, 1(5@61 131H 12#1 1167, 950,

7%%%111"12 A 5()9%3; %][p %)1 a1yl g 185, %H:zl)ljgléq 1H,J
-1%1{? S éd%zlﬂ 1509 11250).557 @ %4-3)5 187 1), OB (d, 1H, J =
o(1ET3); 7.00dd209, X2 01. 2[1M7“"Iﬁ),&§§’(cﬂlpﬁ)l é§79i 3@5%&’ 1H, J =

285k PENR 105 gﬁ {gg aéééﬂ a524 1245,
1290, 3846141 15 Wzﬁaﬂ“(ﬁmemlﬁimﬂ% m}oz 135 (o118
(%6)STOATZE0 @w},msg 6% (Af 5173 R ). (n%%sd‘@n; %&Fﬁ RIS EsD: -

s o VNN et AR st @”&e&%ﬁp@gs . 2.7

mmol, 1.5M and a solution of 4.1 in dryTHE(2 m).
After this the reaction mxture was allowed to warm

and was stirred for additional 10 h. After
E#%P@Iﬁ;r%re a saturated solutjon of s NHACI (2 m) and

"BuOve (100 m) were added’f I nsol ubl e /mat eri al was
filtered-off and the ré’@hﬁg\ng sdfssTNouNeNepor at ed i n

vacuum Crude product w&S purhifi ed Ry, col um
chr omat ogr aphy—pn silica-g q’VS(u3| ng M‘-‘ exane / -
so- prihoxy: 5-
/°

Et QA 8: 2) ol ghwao2- | NO
ipr 2
: 'Pr

21 1.1

Under an argon atmosphere a carbene complex of formula 5.JI, wherein L2 represents a
NHC ligand of formula 6a.II (153 mg, 0.18 mmol),

—-< E—NYN——EE >——
6a.J1

and anhydrous CuCl (18 mg, 0.18 mmol) were placed in a Schlenck tube. Then dry, _
deoxygenated CH>Cl; (10 ml) was added followed by 2 solution of compound 2.1 (38 mg,
0.18 mmol) in CHaCl> (4 ml). The resulting suspension was stirred at 30°C for 1 h,
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nitrostyrene 2.1 as pale yellow oil (236 ng, 63% of
yield). IR (film: v [cni 1] = 3088, 2982, 2967, 1627,

1607, 1583, 1516, 1341, 1271, 1107, 950, lo 742 cm1;
' Bll\fﬁiu%,? s MHz, CDCI3): S[ppm] = 1.41 (d, 6H,_J = 6.0
Hz), 4. q, 1H, J = 6.0 Hz), 5.40 (dd, 1H, BCEER0G011222

11.2 Hz), 5.87 (dd, 1H, J = 0,5, 17.7 Hz), 6.91 (d,
1H J = 9.1 Hz), 7.00 (dd, 1H, J =11.2, 17.7 Hz),
8.12 (dd,1H, J = 2.8, 9.1 Hz), 8.36 (d, 1H J = 2.8
Rl r rP AR A e
NG ?ET): mz 207 (t%,géh[lﬂl%fﬁ‘9§‘?€§ée%’?§3p?elzfns (100), 135
(4), 118 is (96), 104 (2), 90 (15), 65 (8), 63 (7), 51
(4); M5 (ESI): mz 230 ([MtNa] +); HRMS (ESI): niz

d for [MtNa]+ (ClI 1 HL3G3NNa): 230.0788; found

230.0776. EXAWPLE 2 Lz QU,,, Ru Mes-Nu -Mes CI'S
=\Ph POy3 Cin,. Ru/0/ 6 NOR 5.11 CI'O/NC Pr 'Pr z
20 2.1 1.11 Under an argcv)%"‘ urDs phe M A\ A Hene

conpl ex of fargula 5. H, erigj Fh2 regresents a NHC
ligand of formlq 6a. 11 (153 t, 0. 18gRM®F)\, N 25 4-
6a. 11 and apRydL ot %O«&f&—ﬂ, .18 m@m

pl aced i nM& Schl'enck tube. Then dry, yg€ox nat ed
CH2A 2 (10 mM) wmgs added fol |l owed by a sol u?_' on of

compound 2.1 (38 ng, 0.18 nmol) in CH2d 2 nil).

%? resul ting suspension_was stirred at 30C for 1 h,
SR U SEBER Prelon s Br e 2 20sult: grecn, witrairysealligessolid

@8t yigld)cr ocrystal line solid (149 ng, 72% of yield).

i -1ga | n ith those obtajned
é@?@%?%a’é o fﬁ SRR JE Rl 48555 B4 ) 1o, 1010
%89_05@);\/516 m), 745 (m). MIS(EL): m/z 643 (3), 322 (4), 304 (100), 289 (11), 246 (5),
181 (12), 159 (12), 158 (12), 105 (8), 77 (15), 43 (58). MS (LSIMS) m/z 644 (M+H+).

Usage of a compound of general formula 1 as a catalyst for metathesis reaction,
respectively the syntheses of compounds containing a double bond C=C and / or other
functional groups occurs with surprisingly high success. Therefore the below described
new (pre)catalysts of formula 1 appear to be better than other comparable known highly
active ruthenium catalysts; especially if one concern their activity. '

As a consequence thereof lower amounts of the catalyst, lower reaction femperatures and
lower reaction times are necessary, for better yield in comparison with the established
complexes usually used. The following examples 6- 10 are showing this superiority of
catalysts of formula 1.

EXAMPILE 6

Ring closing metathesis reactions catalyzed by compounds of the formula .1.II (see
Example 2)
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CSI ~Ph PCY3 _ "RUMJ/ONO 5.11 C1'0/ NOz M
2.1 1.V Preparation of conplex 1.V analog to Exanple
2 results a green, mcrocrystalline solid (40% of

ylﬁ;hd))mﬂm%g,kl? (KBr): v [cm] = 2924 (s), 2853
1523 (m), 1483 (s), 1343 (s), 1267, ‘i@ﬁ’@mﬂmnm

(vv), 905 (s), 826 (m), 745 (). MS(El): mz 643 (3),
322 (4), 304 (100), 289 (11) **246 (5), 181 (12), 159
(12), 158 (12), 105 (8), 77 (15), 43 (58). M5 (LSI M)
tHezeaftdit Whtiddndentrind ibageumn,fand ﬁﬂl‘mﬂiﬂﬂlc@fgcmﬁﬁﬁrﬂ|

l,
oot AR A0S S0 TR 8BS e GREH R i wi
@EP‘@C’% Iz:-ﬂz%tﬁreﬁ qomgplexgk. Hewherf:lu iMasihenithe mgamingef a mesityl
Qﬁﬂphsaswbtah\esw Q’émﬁ infigbotyltiighe ﬁiﬁ@‘{ﬁ}iﬁng,_ﬁb%rﬁfy@i? 118030 -
%L(&\g/%?é % new (pr e)cat al ysts of fornmnul
€

etter t han ot her conparabl e known highly
tNMB (PR MBE PGz Alppots 16.42 (retiiBl4p (dd, 1HNE= 6402 SHY), 7.80
(derJagtSI}w)tmo(Emﬁ%m@mﬁeﬂugﬁ%)tmf gItl' Wel6.1 Hz), 4.22

Groplle3a . 108, CAARL B Le o oy, @3@%@% “EBy St

8%}, d08.3, 166.8pEI0i% b#5.0141B.5¢ 189,648 128180124.5 OIDL,ENBS, 78.2,
S0 13y211899 4, ﬁhecéﬁld f‘éﬁi‘ a z@é&‘@@!ﬂfis 1%@11?&@5%5&‘,’"&5%,

[ Ity
3 RS o8 vt BB rtnon B
[+ g‘:@?‘lpmﬁ,cfeumlfﬁ’lﬂ ne2d; @lemdngal dnalysis( SRulaték BPIoR CHHMO0R
@9044085590 FCTLETRURH NI 2225 ol 140 N pggealter T

s concentrafed in vacuum an y silica-gel
col um chromat ography (cycl ohexane /| EtOQAc 5:2).

After renoval of solvent and washing wth

EXAMPLE 3
1%
Cl’h
o ?u' POy,
= Clisy,
on ar
(8] NO : -
i 7 2 il O N02
Pr ; i
Pr
21 1.1

Under an argon atmosphere a carbene complex of formula 5.XII (164.6 mg, 0,20 mmo})
was placed in a Schlenck tube. Then dry, deoxygenated CH,Cl, (15 ml) was added
followed by a solution of compound 2.X (50 mg, 0.24 mmol) in CH,Cl, (5 ml). The
resulting suspension was stirred at 40°C for 1 h, thereafter it was concentrated in vacuum,
and purified by silica-gel column chromatography (cyclohexane / BtOAc 5:2). After
removal of solvents and washing with small amount of dry n-pentane a complex 1.II was
obtained as brown, microcrystalline solid (95 mg, 70% of yield).

TH.NMR (500 MHz, CDCl3): 8 [ppm] = 1.26 — 2.35 (m, 39 H), 5.33 - 540 (m 1H), 7.18
(d, J =5 Hz, 1H), 8.54 (d, / = 5 Hz, 1H), 8.60 (s, 1H), 17.38 (d, J = 5.0 Hz, 1H);
BC.NMR (125 MHz, CDCL): & [ppm] = 22.1, 26.2, 27.7 (d, 7 = 24 Hz),30.1,35.8(d,J=
10 Hz), 78.2, 113.2, 117.6, 124.2, 143.3, 157.0, 273.2; IR (CH,Cl, film): v [cm™"] = 2930
(s), 2852 (s), 1604 (m), 1575 (m), 1521 (s), 1476 (m), 1447 (m), 1379 (w), 1342 (s), 1275
(s), 1241 (m), 1205 (w), 1181 (W), 1136 (m), 1095 (s), 1049 (W), 1005 (w), 951 (m), 918
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smal | amount of dry n-pentane conplex 1.11, wherein

Mes has the neaning of a nesityl group, was obtained

as green, mcrocrystalline solid (100 ng, 83% of

yi = 0.30 5 (hexane | EtOAc 8:2); 1H NWR (50Q
Mﬁbq@ff?@%’z‘) o[ ppni =16. 42 (s, 111), 8.46 (dd,POTAP2003811222
9.1, 2.5 Hz), 7.80 (d 1H J = 2.5 Hz), 7.10 (s,

413), 6:94 (d, 1H, J =9.1 HY, 5. Ol(sept,lH, J =6.1
Hz), 4.22 (s, 4H), 2 47 (25 18H), 30 (d, 6H, J =

®), B5Hmyy, SM)N’@( C@O%)(m }%ﬁg%ﬂ‘)t mlz
R o0 zP‘ 52147% fwdms 3470,
21.2,19.4; JR (KBr) v [cm 11= 2924, 2850, 1606, 1521,
1480, 1262, 1093, 918, 745; Ms (ESI): rn/z 636
%WHRNB( El): mz calculated for C31H37N3CBRu:
1255, found 671.1229; Elenental analysis,
calculated: (% for C31H37N3G3Ru (671.63): C 55.44, H
s—:m5751;v (msﬁ 0,395 was SibpSiRied Hy %ge -
mgc,ys Gtgl,),. i %ﬁz‘%&?{@ae% ?"%%beﬂj"
h&f N025111a/\ NOPr Pr; 2 2.1 1.111 Under
an argon at nosphere a ¢arbene 6onplex of formula 5. 111

(164.6 ng, 0.20 mol 04 ed in a Schl enck
tube. Then dry, deo at wd 2 (15 m) was added
followed by a solution'f egppdund 2.1 (50 ng, O0.24
mmol ) in CH2C12 (5 m). The resulti ﬂg}vsuspeny on was
stirred at 40C for 1 h, thereafter it was concentrated

Thereufes l[iumsmnﬁtﬁﬂ-aﬁiy[dté CH%%&C(@H Qf*qehz &0 '01@*7@ mmol, 1.7M
SSUEATE AL LI i e i

r.aifgr Wpent ane a con‘pl ex 1.111 was 25 obtained as

brown, mcrocry L1ipe solid (95 ng, 70% of vyield).
1|—|-NI\/R/-(-!§OOI\/HZ 3): 8 [pp =1.26 - 2.35 39
H) Mo M—Més 40—r-titr, msubg ek =E=Hzes 1 1) 1) N-tes
8.54( =5 Hz, 111), 8.60 , 1H), 17.38 (d)Y

5.0 {,II) 13C- NMR (125 MHz, CDC13): 8 [pprq;w- '
221 262 27.7 (d, J = 24 Hz), 30.1, 35.8 (d, J =

Then solid ruthenium complex of formula 5.1, (255 mg, 0.310 mmol) was added and the
resulting suspension was refluxed for 30 min. To the resulting brown-pink suspension a
solution of compound 2.I (83.5 mg, 0.403 mmol) in CH,Cl, (7 ml) and solid CuCi (33.8
mg, 0.341 mmol) were added at r.t..

‘ . _ o o
Mes—N{::\N'-Mas [ \ o b No,  Mes—N N—Mes
PCy . Mes—N N—Mes 1 2 '
Clis,, AU : 6.V Cl i 2l Gl I:‘U
o I —_— 1y, — / -
’ ILCY - C"Ru~< g NO
3 PC /s 2
‘ | ¥a J 'pr
5.1 intermediate 1

The resulting mixture was heated at 40°C for 1 h. The resulting mixture was concentrated
in vacuum, and purified by silica-gel column chromatography (cyclohexane / BtOAc 5:2).
After removal of solvent and washing with small amount of dry n-pentane complex 1.JI
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10 Hz), 78.2, 113.2, 117.6, 124.2, 143.3, 157.0,
273.2; IR (CH2CI 2, film: v [cm] = 2930 30 (s), 2852
(s), 1604 (nm), 1575 (n), 1521 (s), 1476 (nm), 1447 (),

1 42 1275 , 1241 1205 ,
1280 setea (010057 (5)” 1080 (), 1005 (wpCHBBmRnn:

(m, 918 WO 2004/ 035596 PCT/ EP2003/011222 15 (s), 851
(m, 830 (m, 789 (m, 745 (s), 656 (m), 606 (nm), 518
(m; HRVS (El'): mz calculated for C23H44O3Nt

1C12P0021Ru (I\/F) L4704 fgpind 645734706, s
EXAMPLE 4 SaItT (1 Ywas suspended
under argon in a ch enc?“a 'e;B'éolcn n- ane (7 mM). N
N BF4 UV 10 Theregfter pot assiumtert P@g%})ate
CH3CH2C( CHB) 20- K* (o 22 m, 0.372 nunol

sol ution of tol uene) was added and the resulting, pale
Yt $adwtionwf Biede Sb(210 g omml)' i CHECHY(35 ml)ta sofulibn dcatalyst

bl ; H
ﬂl't%/m% i M%% if %ﬁ/ﬁjz (zlmld r utdﬁkedn%fn ¢ 0% H%?tl\qucgrfﬂﬁ‘lma
aglditipgal P‘?'S@‘c sefvers wag reraayed yndgpvacg é@ﬂ & EPStdﬁe was purified using
silzagkl dohgmﬁctlﬁ@ﬁitﬁglﬁphw@j&:lmﬁiddx BOAO8:230 givleP1 (186 k€999 of

| Sik O

HIBLS R R B RIR! Sk AL el v o
léﬁ@ 133211381 92, @é@ & ; "TONBR (30AMEZ, GBCh): aﬂdpnﬂ aiz 28 (m,
4D 12.30 @O3HkS.25 vaﬁMBs he (INCﬁI)IVE;s o, DErMes s, z@%ﬁm 111 M=8.2
}Eﬁfgsgm Aol SRS s vods . Gh.o 1435 12? 1. 13622,
142.9; MS (BL): m/z 251 (5, [M1+) 223 (2), 184 (6), 155 (4), 105 (2), 91 (19), 96 (16), 77
(1), 65 (13), 42 (100); HRMS (EI) m/z calculated for M+ (CH70.NS): 25 1.0980; found
2251.0979. '

EXAMPLE 7

Cross metathesis reactions catalyzed by compounds of the formula 1.XI (see Example 2)

R . -COO0OMe
111 [1 Moi%h
N + 2 /~COOMe _ T Mo /@C
o N : CH,Cly 20, 25°C N

2
52 s2b (B)-P2 (91%)

To a stirred solution of indole S2 (77.8 mg, 0.36 mol) and methyl acrylate S2b (92.9 mg,
1.1 mmol) in dry CH,Cl; (15 ml) a solution of the catalyst 1.II (12.1 mg, 5 mol%) in
CH,Cl; (5 ml) was added. The resulted mixture was stirred at r.t. for 2 h. Solvent was
removed in vacuum and the residue purified using silica-gel column chromatography
(cyclohexane / BtOAc 8:2) to give (E)-P2 (186 mg, 99% of yield) as yellow crystalline
solid. -

IR (KBr): v [em™] = 3364, 2953, 2904, 1707, 1655, 1504, 1324, 1215, 750 cm-1; "H-
NMR (500 MHz, CDCls): 6 [ppm] = 2.42 (s, 3H), 3.61 (dd, 2H, T = 1.7, 6.0 Hz), 3.70 (s,
3H),5.74 (dt, 1H,J = 1.7, 15.7 Hz), 7.09 (dt, 1H, J = 6.0, 15.7 Hz), 7.42 (d, 1H,J = 8.8
Hz), 7.98 (dd, 1H, J = 2.0, 8.8 Hz), 8.24 (d, 1H, J = 2.0 Hz), 8.51 (br. 5, 1H), PC-NMR
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y3 Pr 5.111 internmediate 1,11 The resulting m xture

was heated at 40C for 1 h. The resulting m xture was
concentrated in vacuum and purified by silica-gel

c 04%g§599at ography (cycl ohexane / EtOAc 5:2). 25
After renoval of solvent and washing w th snal PCEHERRQ#H011222
of dry n-pentane conplex 1.11 WO 2004/ 035596

PCT/ EP2003/ 011222 17 1.11 [18M19 TsNn CHzCl Z, th,

OC TsN S1 P1 (99% To a solution of diene Si (210 ny,

QBMERRDCINS BREI-214696 '7191 f g@?b lo5. 8°P15°J. W‘saitzxgt 332,

peEAL LA o 5@% Hsaof M%iﬁ' W ZH(HOD IR )h%ﬁ%(*fsx B2 (63), 215

é?@D,\léaillm9r(bS)DVEf[1ﬂh a8 (sa)ammnmm (315, 12 gi e 5488, 84

45 HRIOE (KB z% caRlilate8%5 @ffé‘@

| '%ﬁ8?59
ié a8 %ﬁ%s&ﬁc&iﬁ%@éﬁlﬁa ﬁis(lxﬂf?mw +found: C, 61.05;

BD3R2; 9829, 2899, 2855, 1657, 1596, 1450, 1332, 1286,.
1162, 910, 816, 712; 1H NWVR (200MHz, CDO 3): S [ppm =
2.28 (m 411), 2.39 (s, 3H), 3.25 (m 414), 5.72 (m
211), 7.25 (d, 2H, J =8.2 Hz), 7.64 (d, 2H, J = 8.2
C-NWR (50MHz, CDCI3): S[ppm = 21.5,
29.948.2, 126.9, 129.5, 130.1, 136.2, 142.9; Ms (H):
i nk 251 (5 [M+) 223 (2), 184 (6), 155 (4), 105 (2),
Exanginatipn obibe ¢ydisationspeqdf thegBbsira® )53 (2211115 () methiRi1) diethyl
dibiaid) Whes BleGdlaBsfUTN 9hisciM + (CL3HL102NS): 251. 0980;
found 2251.0979.,1s EXAVMPLE 7 Cross netathesis
reactions catal yzed by conpounds of the fornula 1.11

(see Exanpl e \'\ coovwe \ 1.11.J1 M1% \ + 2
/ COOMe CZN H 005, 2ddierdyy N BPOEL 526
(BE)-P2 (91% 7 COOEt CH,Cl,, 2h, 25°C COOEt

s3 P3

In a Schlenk tube 2 solution of diene §3 (100 mg, 0.4 mmol) in CH,Cl, (20 ml) was placed
at a temperature 25°C a solution of the catalyst 1.IX (2.6 mg, 0.004 mmol, 1 mol. %) in
CH;Cl, (1 ml) was added. The resulting mixture was stirred for additional 18 hours at the
same temperature. Conversions were calculated from GC. (Aliquots of the reaction mixture
were immediately_quenched by addition of the calculated amount of 1 M solution of ethyl-
vinyl ether and analysed by GC technique. Results obtained are presented on Figure 1 as
curve 10 ($).

Examination of the cyclisation speed of the substrate S3 (2—a11)}1-2~(2—methy-lallyl) diethyl
malonate) was repeated with catalyst A. Experiment was conducted under identical
conditions as described above, except the amount of catalyst A was raised to 2.5 mol. %.
Results obtained are presented on figure 1 as curve 2 (@),

EXAMPLE 9

Comparison of the efficiency of the catalysts 1.IY and C in a cross metathesis reaction.
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To a stirred solution of indole S2 (77.8 ng, 0.36 nol)
and nethyl acrylate S2b (92.9 ng, 1.1 mmol) in dry
CH2C12 (15 m) a solution of the catalyst 1.11 (12.1
ny in CH2Cl12 (5 ml) was added. The resulted
m;i(VtOu@rog%\zag%ﬁstlrred at r.t. for 2 h. Solvent wBSTEER003/011222
renmoved in vacuum and the resjdue purified using
silica-gel colum chromatography (cyclohexane / EtOAc
8:2) to give (E)-P2 (186 ng, 99% of yield) as yellow

crystalli li,d, 1) ¥ = 3364, ,2953,
2904733_0/6@%4\%25 1%%&[@ 1215, 750 cmsm'q’»—ﬂmoomg

(500 Mz, [CDCI3): S [ppn] = 2.42 (s, 3H), 3.61 (dd,
211, J = ¥7, 6.0 Hz) 2 70 (s, 30 311) PARE)T) £ h: 5
1H, 3 =1.7.15.7 Hz), 7.09 (di, 111, J = 6.0, 15.7 Hz),

boﬁ&n&ﬁi Ztét]aﬂaiystllﬂé 1\%01;5)), éﬂ%g g%zjjglgl% J - H)z (1)3C?NIE\;/R

V\D 2004/ é%/%M? zwa)qulg%@s , CDC13):
S [ppm = 12.0, 26.7,

?’ééﬂ*&?g%*%?aglgﬁ&%zém%éf“1 O R B acpgts S2y(g6 me 1
‘“hﬁ mhgolutigy of ‘@ﬂeat@mw@l‘smg(mbmﬁﬁ CH,CL, (2 ml)

@vhﬂédd&dﬂ Thé iéi)ﬂ,tmg Aixthdeowas kB %tﬁlﬂRn N‘g‘?ﬁﬂﬁé for 2 30 min. Solvent

¥ a%)gﬁﬁ%g‘{delg'a%% I'ret}tf%il rcs%u& %él Nélje. wag pariged using siligacgel column
shramggographydcylehessned|Et@Aa B2y iThe prodhat Matdbtained as a mixture of

(S RAL QUL in Gre ko B35 (Ho i, 344 oblyichf T

61.05; H, 5.22; N, 10. amn |on
of the cycli satl on speed of the substrate S3

L eeondingto g dage ineriggivaChephiy 2ali2e1 hy R50oR2s10 lﬁl&t&lal%f‘&ﬂhé fFmula

GC?I@& M%?l aﬂal& 115 §Caeﬁ§ﬂjl‘hc g%ga I'n a%gdﬁ\log%%fube a

sol ution of d| ene S3 (100 ng, 0.4 mol) in CH2Cl 2 (20
n1) was placed at a tenperature 25C a solution of the
¥E49l - 11 (2.6 ng, 0.004 nmmol, 1 nol. % in
CHZCIZ 89L m) was added. The resulting m xture was

stirred for additional 18 hours at the sane

Goetpagson ol the cfficaty ef the ORMyWa EafPA fiha bR hEQMF reaction.,

(Aliquots of the reaction m xture
COOEt a) or b) Et0OC

< coom © ° /N 7NN

Et00C —
S5 S8a P5(E):(H=1:2

Condition a) Catalyst 1.II (5 Mol%), r. t., 30 min) vield 87%.
b) Catalyst A (8 Mol%) 1. t., 6 h) yield 79%.

To a stirred solution of diethyl allylmalonate S5 (100 mg, 0.5 mmol) and S5a (53 mg, 1
mmol) in CHzCl (5 ml) a solution of catalyst 1.II (16.8 mg, 5 mol%) in CH,Cl, (5 ml)
was added. The resulting solution was stirred at room temperature for 30 min, Solvent was
removed under reduced pressure and the residue was purified using silica-gel column |
chromatography with (cyclohexane / BtOAc 8:2). Product P5 was obtained as a mixture of
(E) and (Z)-isomers in the ratio 1:2 (98 mg, 87% of yield) as colourless oil,



20 were imedi ately quenched by addition of the

cal cul ated anmount of 1 M solution of ethyl- vinyl

et her and anal ysed by GC techni que. Results obtained

ar d on Figure 1 as curve 10 (+).

Exgﬁgﬁg |%%gof the cyclisation speed of the suBST/EBRW@3/011222
S3 (2-allyl-2-(2-methylallyl) diethyl 2s nalonate)

was repeated with catal yst A?OExperinent was conduct ed
under identical conditions as described above, except

Ateordmp WS tmu,adao&tswcﬁeﬁfs i fon
Retﬁurla?gcbg&ﬁm%ned are ‘presen é%%?)‘%g?lil élgd}igogs faégéugﬁlré\i/eé)r%ductm
F?.;ﬁ? "E 9 Conparison of the efficiency of the
catalysts 1.11 and Cin a cross netathesis reaction.
WD 2004/ 035596 PCT/ EP2003/011222 19 / a) orb) TBSO/
N+ 2 tCOOW ---~ TBSO 4 4 "''ti000Me $S4 S2b P4 (E)
(2) =95: 5 Condition a) Catalyst 1.11(1 Mol%9,r.. t.,
30 min) yield 95% b) Catalyst C (2, 5 Mol% r. t., 20
mn) yield 91% 5 To a stirred solution of olefin S4
(107 nmg, 0.5 mmol) and nethyl acrylate S2b (86 ng, 1
mmol) in CH2A Z (10 m) solution of the catalyst 1.11
(3.4 nmy, 1 ml%W in CHRRAZ (2 mM) was added. The
resulting mxture was then stirred at roomtenperature
for 30 mn. Solvent was renoved under reduced
pressure and the residue was purified using silica-ge
colum 10 chronmat ography (cycl ohexane / Et QAc 8:2).
The product P4 was obtained as a mxture of (E) and
(2)-isoners in the ratio 95:5 (130 ng, 95% of vyield)
as colourless oil. According to the data in Angew.
Chem e 2002, 114, 2509-2511 the catal yst of the
formula C gives in an anal ogous reaction the product
P4 with a yield of 91% 15 EXAMPLE 10 Conpari son of
the efficacy of the catalyst 1.11 and A in the cross
nmet at hesis reaction. 20 COCEt a) orb) EtOOC
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+ 2 /CN---~- -CN COOEt EtOOC S5 Sh5a P5 (E) : (2) =
1: 2 Condition a) Catalyst 1.11(5 Mol%, r. t., 30
mn) yield 87% b) Catalyst A (8 Mol% r. t., 6 h)
yield 79% 25 To a stirred solution of diethyl
a te S5 (100 ng, 0.5 mmmol) and S5a (53 ny, 1
n‘%q%@hg%d Z (5 mM) a solution of catal yst RCT/RP2003/011222
(16.8 ng, 5 mol% in CH2C12 (5 n) was added. The
resul ting solution was stirr@d at roomtenperature for
30 mn. Solvent was renoved under reduced pressure
WHAT b8 ¢esindue was purified using silica-gel colum
30 chronmat ography with (cycl ohexane / Et OAc 8:2).
roduct P5 was_obtained as a m xture of (E) and
-Z) - i‘seampound pf hpformplay 1.2 (98 ny, 87% of yield) as
colourless oil. WO 2004/ 0%5595 PCT/ EP2003/ 011222 20
According to Synlett 206""&1 0- 431, catalyst A gives
an anal ogous reaction t e jpr 0,PS with a yield of
79% WO 2004/ 035596 PCT/ 011222 21 WHAT WE
CLAIM 1. A conpound of fhe fq a1, LI 2 R "Ru. O
XNZ R (R~1 s wherein Li is f neutral ligand; X
/| X' waerinanionic ligands; Rt is -CO-s-alkyl or
- G4y excl Pl figand;

X1 X' are anionic ligands;

R'is -Cis-alkyl or -Csg-cycloalkyl;

R*is H, -Cip-alkyl, -C, 5p-alkenyl, -C, yp-alkinyl, phenyl or naphthyl;

R*is -C 16-alkyl, -Cy.¢-alkoxy , phenyl or naphthyl, wherein phenyl or naphthyl is
optionally substituted with —C, ¢-alkyl or ~C, -alkoxy;
nis 0,1,20r3.

2. A compound according to claim 1 of the formula 1a,

(Rs)“ 1a

wherein L, X, X', R", R% R? and 1 are defined as in claim 1.

A compound according to claims 1 or 2, wherein
L'is P@RMs;
R" s -Cie-alkyl, -C; 3-cycloalkyl, phenyl or naphthyl;
orL'isa ligand of formula 6a, 6b, 6¢ or 6d;
g . R" B RY 3% Y . Rl

s — N=

& 7 (. —R°
RN MR RN NP RENN-RT gy epe

6a 6b .6¢ 6d
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R2 is H -Cl120-al kyl, -C2_20-al kenyl, -C2_20-al ki nyl,
phenyl or naphthyl; to R3 is -Cl-6-al kyl, -Cl-6- alkoxy
, phenyl or naphthyl, wherein phenyl or naphthyl i's
optionally substituted with-Cl-6-al kyl or

- al kox nis 0, 1, 2 or 3. is 2. A conpound
acqg'g%‘]“f?éﬁ? claim1l of the fornmula la, L 2 XPCREP20&3/011222

X" N2 RL (H la wherein L', X, X R, R2 R3 and n
are defined as in claim1. 22 3. A conpound according
toclaims 1 or 2, wherein L1 is P(R11)3; R' is

-G _6-al kyl, -C3.3-cycloal kyl, phenyl or naphthyl; 25

or L' i (ﬁig gand, of fornul a 6a 6b, 6¢c or 6d; RO Flro

R9 Rl %ﬂ 9% grch independrntho ROMINALRYIRIC, bivilkdRg] 62 v Reherein

6a 6b 6¢c Gie Wi2n00 Mnﬁlﬁﬁﬁ? SutiRGhtdaRe Qjﬂ:ﬁ%g % gszmdelﬁegdently
d R - Cl-
-SCSnZO a?rk&e)%/fg& ?fohﬂﬁi%%biamﬁg@?% °§‘Fﬂeny| is

opt i oﬁaP‘deR s atsoa¢ht indepgndsintly By pCi. zo-atklyf e€x.gatkepy or phenyl, wherein

d d
i ndependenté phengiak epicdlf Eaﬂﬁhmﬁh vﬁi i gﬂoen de%‘l E«#e%gnd%nﬂy

or haloge h

- Ct - 20; nSE egte%ng'ggﬂggﬁyﬁ? SMEF ein the
phenyR’ argi tqg@h%rl With theibagben arbmsl tonivhikh they e attBéHRe are combined
groups | nd@ﬂﬁﬂ@%ﬁfﬂoﬁych@@'t@@n%i’nﬂe %q]:?fOCI _6-al kyl,

-d - X hal ogen; together with
t he S% clfg%‘f'g ef'o whi ch they are attached are
conbi ned

4. A compound according to claims 1-3 wherein

R’ and R® are each independently H, -C.g-alkyl, -Cy.¢-alkenyl or phenyl, wherein
the phenyl is optionally substituted with up to three groups mdepcndently
selected from -Cy¢-alkyl, -Cy.¢-alkoxy or halogen;

R and R'* are each independently H, -C;_¢-alkyl, -Cy.g-alkenyl or phenyl, wherein
the pheny! is optionally substituted with up to three groups independently
selected from -C;.g-alkyl, -Cys-alkoxy or halogen; or

R’ and R together with the carbon atoms to which they are attached are combined
to form a carbocyclic 5 to 7 membered ring.

5. Acompound according to claims 1-4 wherein

R’is H, -C,¢-alkyl, phenyl or naphthyl;
X and X' are each halogen.

6. A compound according to claims 1-5 wherein

L'is PCy; oraligand of formula 6a, 6b, 6c¢ or 6d;
Cyis cyclohexyl;
X and X' are each chlorine.

A compound according to claims 1-6 wherein
L'is lgand of formula 6a, 6b, 6¢ or 6d; and
R7and R® are 2-methylphenyl, 2, 6-dimethylphenyl or 2, 4, 6-trimethylphenyl.
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to forma carbocyclic 3 to 8 nenbered ring; 10 Y and

Yare hal ogen. 4. A conpound according to clainms 1-3

wherein R7 and R8 are each independently H,

-Cl 6-al kyl, -C2.6-alkenyl or phenyl, wherein is the
en IS optlonally substituted mnth up to three
gﬁ%@°“ﬁ§€ endently sel ected from -d - 6- al kyPCT/EP2003/011222

-Cl 6- al koxy or hal ogen; R9 and R10 are each

i ndependently H, -Cl-6-alkyl 23-C2. 6-al kenyl or phenyl,

wherein the phenyl is optionally substituted with up

to three groups independently selected from

-Cl. 6-al kyl, -C1.6-al koxy or hal ogen; or 20 RO and R10

together with the carbon atonms to which they are

gt t achedmpifid Gedbhlined cldiMs 1 arWedeifar bocyclic S to 7

nenbered ggng 5. A compound according to clainms 14

wher €l i R2 is H -Cl.6-al kyl, phenyl or naphthyl;

X and X' are each hal ogen. 6. A conpound according to

clains 1-5 wherein 30 L' is PCyS or a ligand of
ornu| a_6a s .cycl ohexyl; X and X

£glre 8?@%%“8??‘?? “%3‘& glmﬁlg/ ofsEdRd according to

cl ai R'id- ®@mherein L' is | i gand of fornula 6a, 6b, 6¢

or 6di?;angy R7 and Rs are 2-nethyl phenyl, 2,

6- di net hyl phenyl or 2, 4, 6-trinethyl phenyl, WO

2004/ 035596 PCTI EP20031011222 23 8. A conpound

according to clains 1-7 wherein nis 0. s 9. A

1@0n’pq:y&;}n1§ﬁ§@5phgﬁﬁﬂﬁg clains 1-8 wherein R is 'Pr;
is H 10 10. A conpou&% gf fornula 2,

H,C
o NO,

H‘/
@,

wherein

Rlis -Crs-alkyl or -Csg-cycloalkyl;

R’is H, “Cia0-alkyl, -Cy 5o-alkenyl, -C, 5p-alkinyl, phenyl or néphthyl;

R*is -Ci¢-alkyl, -C, ¢-alkoxy, phenyl or naphthyl, wherein phenyl or naphthyl

may be substituted with -C.¢-alkyl or —C 1s-alkoxy;
R'is  -Cjp-alkyl;

mis 0,1or2;and
nis 0,1,2o0r3.

11. A compound according to claim 10 of formula 2a,
(RO R
H,G
NO,
(R, 2a

rd

R1

wherein RY, R% R3, R®, m and n are defined as in claim 10.
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(RRMR2 H2ZONX®2 /O' (R5 2 wherein 15 R is
-Ct _5-alkyl or -Cs..-cycloalkyl; R is H -C

_20-al kyl, -C2_20-al kenyl, -C2_20-al ki nyl, phenyl or
naphthyl; R3 is -Cl_6-al kyl, -G .6-al koxy, phenyl or
N&i o erein phenyl or naphthyl nmay be

subst wdggsegghw th -G .6-al kyl or -Cl_6-al koxy; PRA/EP3003/011222
-G -20-alkyl; 20 mis 0, 1 or 2; and nis 0,1, 2or3.
11. A conpound according toZ2dl ai m 10 of formula 2a,
25/ dimR2 H2O\N "2 Rl (R" 2a wherein R, R2,
123, R4o c laim10. 30 WO
200 203 m ébéﬁﬁoos‘;‘ﬁ?gfgﬁ% %57 conpound
acc ’tglﬁc‘} ey oppaphthylpherein R2 is H,

-C, -Bt lal kths-alpplenyl or naphthyl; R4 is -G .6-al kyl;

ms o l.og1.

13. A compound according to claims 10-12 wherein
R*is methy! or ethyl;
nis 0.

14. A compound according to claims 10-13 wherein
Rlis iso-propyl;
R*is H;
mis 0.

15. A process for manufacturing complexes according to any one of the claims 1-9,
wherein a compound of formula 2 or 2a, according to claims 10-14, is reacted with
a ruthenium complex of general formula 5

1

xt ” Hu—<
L

wherein

L' and 1.2 are neutral ligands;

R’is H,-Ciap-alkyl, -Cy 55-alkenyl, -Cy s0-alkingl or aryl;
RYis aryl, vinyl or ailenyl;

X /X' are anionic ligands.

16. A process according to claim 15 which is carried out in the presence of a copper
sali.

17. A process for manufacturing an intermediates of formula 2 or 2a according to any

one of the claims 10-14, which comprises the steps of
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13. A conpound according to clainms 10-12 wherein R4
is methyl or ethyl; nis 0. 10 14. A conpound
according to clainms 10-13 wherein R is iso-propyl;
R2wi ; kS 0. 15 15. A process for manufacturing
co?vv'pdlsjg)ghé%asgﬂgcor ding to anyone of the clains 1-BCT/EP2003/011222
wherein a conpound of formnula or” 2a, according to
clainms 10-14, is reacted wi t 2 a rutheni um conpl ex of
general formula 5 20 L R5 Xv,Ru_ X L2 R wherein L'
and L2)ar ealiglabingad cobrippantsr foffa §, H - G - 20-al kyl, -2
20- al kenyl, -C2-2o0-alkinyl or aryl; 25 R6 is aryl,
vinyl or allenyl; X/ X are anionjc |ligands. 16. A
process according to claim15 whi fh is carried out in
the presence of a copper 30 s . llg A process for
manuf acturi ng an internedi at egg Yula 2 or 2a
according to any one of the clai 10- 14, which
conpri ses the steps of WD 2004/ 036H96

PCT/ EP2003/ 011222 25 a) al kylating a gon'pound of
formula 3, R2 O HO N2

with a reagentoaformula R'Z (9) to form a intermediate of formula 4,

R
O=
NO
1’0 2
R 3
(R}, 4

and
b) reacting the intermediate of formula 4 with an olefination reagent of

formula .
th):,.,
HZC W 10

to a compound of the general formula 2,

Gy
H,C
NO,
O
n‘/
(R%, 2

wherein RY, R%, R?, R%, m and n of formula 2a, 3,4, 9 and 10 are defined as

in claims 10-14 and

Wis aleaving group suitable for olefination reactions;

Zis  halogen, -Cy.6-alkyl-S(O);-, -C1.¢-fluoroalkyl-S(O),-, aryl-S(O);- or
aryl-S(O)g-.

18. A process for metathesis reactions, comprising contacting two compounds havinga

. C=C double bond or one compound having at least two C=C double bonds with a



"R5 3 s with a reagenormula R1Z (9) to forma

internmedi ate of fornula 4, R2 N2 R (R310 4 O:

and b) reacting the internmediate of fornula 4 with an

ol whi ' reagent of 10 fornmula HZc w 10 to a

coﬁ%’ggﬁycjb%?ﬁthe general forrmula 2, 14 2 H2 NCGXCTER3E/011222

is (R5" 2 wherein RR, R2, R3, R4, in and n of fornul a

2a, 3, 4, 9 and 10 are defin as in clains 10-14 and

"Wis a leaving group suitable for ol efination

r eact icatabyst, #Rerdinitlic da6d1RYEdnpristy i S :

- &t _6-4fd uoroal kyl - §( O)%?, aI;yI -aél(%g)égl!swocp%gk%ccmdmgmClalms

aryl -S(0O 3-.18. A process for netathesis reactions,

conprising contacting two conpounds having a 25 C=C

doubl e bond or one conpound having at |east two C=C

% ubl brgfpedsfvvi th.a WO 2.004(0035596 PCT/ EP2003/ 011222
“catdl ysts Oﬁﬁaé‘fyéqgnouttﬁgngg SYT5 0% cress mpstathesis repction which process

r ut hefpmprscoepiasiingz dielkeiyl gompount aiifs réthdfum AoRPRE 8% rdin g to

for caljydng out a ring closure or cross netathesis

reacti on which process conprises contacting a

di al kenyl conpound with a rutheni um conpl ex accordi ng

to clainms 1-09.



