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PREPARATI ONOF CATALYSTS The present invention
di scl oses a novel synthesis nethod for a catal yst of

wo ooomobe86, wherein Mes has the nmeani ng of nmesPeEP2006/068156

wherein nis an integer fromi2uo0 3, RL is a
substituent and L is a neutral |igand; BACKGROUND

| NFORMATI ON Great progress has been nade in the | ast
few years in the application of olefin netathesis in
organi ¢ synthesis. Sone rutheni um car bene conpl exes
acting as (pre)cat aEREPARAQNIOREATALYSIS8cd, whi ch
possess a high activity in various netathesis
reactions as well as a broad tol erance for a nunber of
e eresenhinvgpiinipdisclppgss acinvisl pvtthesis sfethadaion@ eatalyst efsformula 6,
WheRiPiABL fiad fe héitPathediby Of such (pre)catalysts in
organi ¢ synt hesi s. reover, for the practica
application, especially in industrial scale, it is
very desirable that these rythenium conpl exes are
stable for a longer perigd of tinme in the conditions
of thermal | oad and thatcpﬁ§y— an be stored, purified
and applied without the atnpspfieRe of protective
gases. Rut heni um conpl ex i t =rhg'yabove nentioned
characteristics are known in literatyre. See J. Am
Chem Soc. 2000, 122, 8168-8179 or Tetrahedron Lett.
2000, 4 1, 9973-9976. However, it has been discovered

that .a bette tability L$.connected with a lo ,
leirgh ReAruleat fh ebnRais 4 RIEHURa: ARt s Patsial igemc:
exanple for the (pre)catalyst of the fornula A (see
Angew. Chem e Int. Ed. 2002, 114, 832). -1-B

BACKGROUND INFORMATION

Great progress has been made in the last few years in the application of olefin metathesis
in organic 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 found for example for the (pre)catalyst of the formula A (see
Angew. Chemie Int. Ed. 2002, 114, 832).
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Next, (pre)catalysts of the fornula B and C were
descri bed, which denonstrate a higher catalytic

W@edo7054493 i n conpari son with the (pre)catal ystPoOf/EP1e6/068156

formula A The catalysts A B2aad C contain an

/ so- propoxy group chelating the nmetal atom The reason
for a higher activity of the systens B and Cis a
steric hindrance caused by the presence of a phenyl or
a (substituted) naphthyl group in orffro-position to

t he /so-propoxy group (Angew \ Chem e Int. Ed. 2002,
114, 832-834; Angew. Ch¥efi&UNrMeEd. 2002, 114,

2509- 251 1) . WD 2004-035596: di scl oses i.e. *7 N7V
r ut hméw&a{m@ne conpl exCIGFR afmula D and itsgy, !
practical tuse as cat al ystsipﬁgr

drif erent types cpfFu=
met at h€%i gureactions. In ggﬁgr @@ can say thesg
progre§S in fence shows that(hi gher activity for
catal ytic@ tive syste ~@@/ g di ng to conpoundgs
A-Dis cbnbined with | ower s -\‘@ of the
i sopropxybenzyl i den-rut heni um bond(s). The instant
i nvention giow provides a nethqgl to prepare differgnt
catal ysts starting fromA via the replacenent of the
one- 2-i sopropoxybenzyl i dene |igand present in A by
differently substituted 2-isgpropoxybenzylidene ,
NeYafrielcaialieBatLic lgmaile FLahE Wert PrRrdbed aifbdemonsirate a higher
_caibllym;wmmmcumpﬁhﬁorlnwttﬂno@ (b&et))wmsxioaltﬂeyszoammh iAc aht eatatysts A, B
i nt roduce poarer chel atin stitute - :
) GHER BERGotan ot G bleseBhrB Te tqesnfor a nigher
avEENTT OBl sT$temis i ah€ i$ astent ihindrarnck abused by the presesss of a phenyl
|B§£ g@ﬁ&ﬂﬁ@ﬁf H.'isp% I gro%BWBHﬁ@-pggitidcnotB% go-%répdw %Fd:ﬂprtAhgew.

neutra q nda,
Chemie Int. Ed. 2002, 114, 832-834; Angew. Chemie Int. Ed. 2002, 114, 2509-2511). WO

2004-035596 discloses i.e. a ruthenium carbene complex of formula D and its practical

use as catalysts for different types of metathesis reactions.

M N
es \_/N—Mes

Clu,, ¢
" Ru=
cI”
o) NO,
IP/
r D

In general one can say the progress in science shows that higher activity for catalytically
active systems according to compounds A-D is combined with lower stability of the
isopropxybenzyliden-ruthenium bond(s).

The instant invention now provides a method to prepare different catalysts starting from A
via the replacement of the one-2-isopropoxybenzylidene ligand present in A by differently
substituted 2-isopropoxybenzylidene ligands, possessing different affinity to the ruthenium
atom. The method is especially applicable to introduce poorer chelating substituted 2-
isopropoxybenzylidene ligand.
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nis an integer from1l1l to 3 and Rl has the neani ng of
hal ogen, N2, Cl-6-alkyl, G -6-haloalkyl, CORa d ,

WEDO0RA344$2- Ra, PQ(Ra)2, O G -6-al kyl or arylpcmhrioe6/068156

aryl may optionally be substisuated by a group sel ected

from anong hal ogen, d -6-al kyl and O G 6 al kyl; Ra

denotes d -b-al kyl, G _8-hal oal kyl, C3_6-cycl oaI kyl or

aryl, optionally substltut ed by a group sel ected from

anong F, d, Br, G -6-al k¥ - 6-al kyl, NO2,

CN, CF3, OCF3 or dDESSRz!ﬂ’TJW‘b‘a delEleVE\NTéoélxchange

wth aligand of fornmula 5 wherein Ris d -6-al kyl or

H and R1 and n has the above given neaning, wth

Eorripsiantingentioprratgies i a proqesg fermanifaciuringe egyeRasind of formula 6

process wherein L1 is P(RL 1)3; RlL 1 is d -6-alkyl,

C3-8-cycloal kyl or aryl; 43-or L1 is a ligand of

formula 7a, 7b, 7c or 7d: —R@UO RO R10 Y. Y1 R10 R -

NN—R8R-NN-R8R-NN— 7 NN _R8 7a7b c

7d R7 and R8 are each indsgend M H, d -6-al kyl,

C2- 6- al kenyl or phenyl, wherein the ”6

wherein

L is a neutral ligand,

n is an integer from 1 to 3 and

R’ has the meaning of halogen, NO,, Cy¢-alkyl, Cy.s-haloalkyl, CO-R*“, COOR?, SO,-
R?, PO(R?®),, O-Cq.s-alkyl or aryl, while aryl may optionally be substituted by a

group selected from among halogen, Css-alkyl and O-C.s-alkyl;

R® denotes Cq.s-alkyl, Cqg-haloalkyl, Cse-cycloalkyl or aryl, optionally
substituted by a group selected from among F, ClI, Br, |, Cy¢-alkyl,
0O-C6-alkyl, NO,, CN, CF;, OCF; or O-C,¢-alkylcarbonyl;

via exchange with a ligand of formula 5

Q}
\( (R1)n
5
wherein R is Cy.¢-alkyl or H and R' and n has the above given meaning, with compound of

formula 3.

Preferred is the above process wherein

L'is P(R™;

R"is Cie-alkyl, Cs.g-cycloalkyl or aryl;
-3-
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phenyl is optionally substituted with up to three
groups i ndependently selected from d-6-al kyl,

w@2a7054abkyl or hal ogen; R9 and R10 are each PCT/EP2006/068156

i ndependently H, d -6-al kyl, @246-al kenyl or phenyl,
wherein the phenyl is optionally substituted with up
to three groups independently selected fromd

-6-al kyl, Od -6-al kyl or halogen; or RO and R10
together with the carbon atons to which they are
atit'ached ajsg IRARICARAMUR 707 P) & &rdfdocyclic 3 to 8
menbered ring; Y and Y' are hal ogen. Especially
preferred is the gbove process wherein R2 is H,
-d-63>215?ﬂ or aryk; and X ake gach hal ogen. R
Espec/a I%Sprefgrr i s, the ab V_Np%pcessmﬂ ein L1
i SRPyGNoR a | ifgald 8 Rformil & %a, 7b, 78 IR ARCy is
cycl ohexyl; X and X are each chlorine. Especially
prefermed is the abBbve process Wherein L1 is7d |igand
of formula 7a, 7b, 7c or 7d; and R7 and R8 are

2- et hyl phenyl, 2, 6-dinethyl phenyl or 2, 4,

Rep Bt 2e RN s Hag Bl G Sl S Bkt o pedf Sieren tne

MeS- N N Met®enyl is optionally substituted with up to three groups independently
selected from C,s-alkyl, O-C4.¢-alkyl or halogen;

R%and R  are each independently H, Cy¢-alkyl, C».s-alkenyl or phenyl, wherein the
phenyl is optionally substituted with up to three groups independently
selected from Cq-alkyl, O-C¢-alkyl or halogen; or

R%and R  together with the carbon atoms to which they are attached are combined to

form a carbocyclic 3 to 8 membered ring;
YandY' are halogen.

Especially preferred is the above process wherein
R?is H, -Cy6-alkyl or aryl;

Xand X' are each halogen.

Especially preferred is the above process wherein

L'is PCy; or a ligand of formula 7a, 7b, 7¢ or 7d;
Cyis cyclohexyl,
X and X' are each chlorine.

Especially preferred is the above process wherein
L'is a ligand of formula 7a, 7b, 7c or 7d; and
R’ and R® are 2-methylphenyl, 2, 6-dimethylphenyl or 2, 4, 6-trimethylphenyl.

Furthermore preferred is a process for manufacturing a compound of formula 6.1
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wherein Mes is a nesityl group, nis an integer froml
to 3 and R1 has the neaning of hal ogen, NQZ2,

W@1006/0544831 , Ci - 6- hal oal kyl, CO-R a d , COOR aPCBBER2006/068156

Ra, PQ(Ra)2, O d-6-alkyl or aspgh, while aryl may
optionally be substituted by a group selected from
anong hal ogen, d -6-alkyl and O G _6-al kyl; Ra denotes
d -b-alkyl, d -b-haloal kyl, C3_6- cycloalkyl or aryl,
optionally substituted by a group sel ected from anong
F, d, Br, I, d-6-alkyl, @dre-alkyl, NO2, CN, CF3,
OCF3 or O d- e-al kyl car Mﬁﬁy'NVVrMeSéxchange wth a
ligand of fornula 5 wher \n . ‘Ris C-6-alkyl or Hand
R1 and n has the above gi Y,er'?U aning, with conpound of
formula 3.1 . GL MeS-N N N ferred is the above
process wherein the te tu rlng t he exchange
reaction is below 120C, preferably b é?W 100C, nost
preferably bel ow 80C. -5- the solvent™for the reaction
Wwherefl 196$ Bt Mesi| g.—dn,gxane and i soners thereof,
n- pent ane, pet um etg cycl ohexane, tol uene,

reof

ol
BenzelSe dRgoRs f&rﬂﬁég 337 preferably toluene. the
Ri ganﬁa@tfhefn@fdﬂﬂgaof?alo@eusredz,lm_g@w{@r Azxhalodikgx CesrR™, COOR?, SO,-
conpa ca 3.1,
S OTP P RE BBl S eyl St iy B aLnaB oplaranoht sRetiyte by a

parti Qlid)hﬁfselected from among halogen, C4¢-alkyl and O-C,¢-alkyl;

R® denotes Cq.s-alkyl, Cqg-haloalkyl, Cse-cycloalkyl or aryl, optionally
substituted by a group selected from among F, CI, Br, |, Cy¢-alkyl,
0O-C6-alkyl, NO,, CN, CF;, OCF; or O-C,¢-alkylcarbonyl;

s
\( R,

5

via exchange with a ligand of formula 5

wherein R is Cy.¢-alkyl or H and R and n has the above given meaning, with compound of

formula 3.1.

3.1

Preferred is the above process wherein
e the temperature during the exchange reaction is below 120°C, preferably below
100°C, most preferably below 80°C.
-5-
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between 9 and 11-fold excess. the excess of ligand 5
is recycled after the reaction. Ris CH3. the

w@emdostsd s obt ai ned t hrough a sequence of PCT/EP2006/068156

crystallizations fromthe fol baws ng sol vents: Et OAc,

CH2Cl 2 and nethanol . Especially preferred is the above
process wherein the product is obtained through three
crystallization steps: 1st crystallization from

Et OAc, 2nd crystallization from CH2CI 2, 3rd

cr yike avlvent feritoe reaction ivselegied fronPndiesanaeand isompks théreok n-pentane,

P PESSRVHNIGE Bl oLl R g, rfraly
deroltiers.Ci - 8- al kyl , C3-6-cycloal kyl or aryl,

ty. Of | & 14t
EPQIBLOrFRE ofy OB S A L TRt r .,
CF3refoably aver &g e8cetdsk ylostarrbiengdly ovan 8fealdtexcedsain particular
prebfe‘?\&ée%dgéﬁd p%k?g% process wherein nis 1 and Rl

e meanin Al so preferred is the above n
? s the exmbss of Ilgand 5 is recycled after the reaction.

e Ris CHs.
¢ the product is obtained through a sequence of crystallizations from the following
solvents: EtOAc, CH,Cl, and methanol.

Especially preferred is the above process wherein the product is obtained through three
crystallization steps:

o 1% crystallization from EtOAc,

e 2" crystallization from CH,Cl,,

e 3" crystallization from methanol.

Preferred is the above process wherein
n is 1 and
R has the meaning of halogen, NO,, CO-R?, COOR? SO,-R? PO(R?"), and

R® denotes C.g-alkyl, Css-cycloalkyl or aryl, optionally substituted by a group
selected from among F, Cl, Br, I, Cy¢-alkyl, O-C4s-alkyl, NO,, CN, CF3,
OCF; or O-Cqs-alkylcarbonyl.

In particular preferred is the above process wherein
n is 1 and

R’ has the meaning of NO..

Also preferred is the above
n is 1 and
R’ has the meaning of CO-R?, COOR?, SO,-R? PO(R%), and
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R1 has the neaning of CO-Ra, COORa, SO2-R, PQ(Ra)?2
and -6-Ra denotes d -b-al kyl, C3_6-cycloal kyl or aryl,
wo@pioromabl y substituted by a group sel ected frpon/BPIINE068156
F, d, G-6-alkyl, OG -6-alkgh or CF3. Furthernore
preferred is the above process wherein the conpound of
formula 3.1 is made froma conpound of fornmula 1 via
exchange of the PCy3 Ligand with GL Mes-N N-Mes BF in
the presence of a base and a phosphi ne scavenger in a

suitabBle s@‘?ﬂpé?ﬁ Crpaliyl cereeycloglkyher %ﬂo@féloﬁﬁlb/c%%tltu’fed by a group

wher ei n e@lé&fr T%MQQS%IU@}J-QWI L nﬁ/mx@,:or a

honol ogue t hereo g. pot assi umt er t héxanoat e) t he
phosphi ne scavenger is CuCl. the solvent is selected
from n- hexane and isoners thereof, n-pentane,

etrol eum et her, cycl ohexane, toluene, benzene and

shaimess pretariegs therabpue BsIcpshwherrisriae comeowid eféormula 3.1 is made

frg,ﬁgédmbo%gq,pfotrmh% purified by crystallisation from
hanol. Also preferred is the use of a reaction

product of formula 6 or 6.1 froma process accordi ng
to clainms 1-18 as a catal yst fa@)’ net at hesi s reacti ons.
- 7- DETAI LED DESCRI PTI ON OF - THE NVENTI ON One possi bl e

starting material for thISCPI*@ ation is a
Hoveyda- Grubbs 2 generati on (oF:] ts of fornmula 3 and
can be synthesized i.e. i ¥ gh ld (98-92% from

Hoveyda- G ubbs 1nd generat on catalysts of formula 1
(R = Cy, RL as defined bel ow) hnd SI MES

via exchange of the PCy; Ligand with

b -
Mes—N N Mes BF,

in the presence of a base and a phosphine scavenger in a suitable solvent.

Preferred is the above process wherein

¢ the base is potassium tert-pentanolate or a homologue thereof (e.g. potassium tert-
hexanoate).

¢ the phosphine scavenger is CuCl.

¢ the solvent is selected from n-hexane and isomers thereof, n-pentane, petroleum
ether, cyclohexane, toluene, benzene and mixtures thereof, preferably n-hexane

¢ the crude reaction product is purified by crystallisation from methanol.

Also preferred is the use of a reaction product of formula 6 or 6.1 from a process

according to claims 1-18 as a catalyst for metathesis reactions.
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carbene precursor 2 under carefully optim zed
conditions. A simlar process using 1 (R3 = Ph, Rl =

woooassasst arti ng nmateri al has been previ ousl yPCT/EP2006/068156

descri bed by Hoveyda et al asskeing |ow efficient

[ Steven B. Garber, Jason S. Kingsbury, Brian L. Gay,

and Amr H Hoveyda J. Am Chem Soc. 2000, 122,
8168-8179]. Blechert has reported a nor e successf ul

two step preparation of 3 from1 in 75%vyield

[ Si ron Gessl er DEGAREIDREGRIPHRN ENJIQNher t
Tetrahedron Letters 2000, 4 1, 9973 9976] Tr eat nent

of 1 with 1.2 equiv. of SIMES x HO and 1.2 equiv, .
Ror Bassible BIaFting maletialfer his Borarpius aftioveyda-Gryis 2™ generation
Eé‘lélﬂf?ﬂs'o@fbrrﬂﬁla@ I @Jnr@éjéﬂﬁrﬁasf]zﬁq lel ih hﬁb@ﬁlélﬂ@gé 5@%?@{% Hoveyda-

ol et rrpoun was 1 sol

@ﬁmbadt”de@qr@éailowaalseé&\@‘rf@rm%ﬂ rrlat—. @h Fi)fasmén%rb%@l@\ehand SIMES
Eé}BPrlleeﬁfre\ﬁ@r%o@fUh&’ér%gré?MIySpr‘tlHie'ag:oﬁﬁrtrén@t room

tenperature in CHCI 3 for two hours. The final product

3 was sg)ar ated from the lgberated phosphi ne and

deoorrpo (RDson prm @Mohr @mat ogr ap y /usi n

CH2C %uhe el ue M+ T nvent H/e

pol a Cs'8 vent, e.g. n- hex ne and i somer fl,
npentkzﬁe, ot 1 ol eubaset her ” cycl ohexane, tol uegelR\-
benzene @ i Xxtures thereof and a nore solu

pot assi um Tert - pent anol at e and honol ogues (e.
pot assi um terthexanoate) was used. |nstead of
solid CuCl was selected as a nore effective phosphine

Acsﬂmera@&rcesg h&isg 1TRUE NG R EM)Sasidstifihg didiail hes?tséérpfsrewousry
is close to heterogeneous conditions allows to devel

do%TIRI bY HOURKY S ALIHRNG loBCRtdentRiexsru By £arher 0N S. Kingsbury,

Bﬂﬁi(r)e@ﬁa?dar%bﬁmfr\f-ﬁﬂ-ldvéyddw%rﬁ hendniteRN200D, GQ@I@%BlmQQ] Blechert
ghly col oured reaction by-products are sol ub

H%?t RRAGEd 3 MBASUEESHH IvoBiemigreppighen Pfe%ff?mén(Rm 96/ h'n”e7 5% yield
fS(mon Gessler, Stefan Randl and Siegfried Blechert Tetrahedron Letters 2000, 41, 9973-

9976]. Treatment of 1 with 1.2 equiv. of SIMES x HCI and 1.2 equiv. KO'Bu in THF /

toluene at 80°C leads first to the formation of a intermediate 4 still bearing the PCy;

moiety.

/@
cl TCVs [ﬁNYNﬁF ol ©

CHCly o, |

_— Ru _2



sinple crystallization without need to use tedious

chromat ographi c separation. As a result conplex 3.1
w@27/084483 r ai ght forwardly obtained in a nulti BPECERP2006/068156

scale in a high yield (98- 92%p4 Next step requires

the replacenent of the good chel ati ng

2-1sopropoxybenzylidene fragnent in 3.1 with the | ess

chel ating 5-nitro-2-isopropoxybenzylidene ligand 5.

The synthesis of 5is known i . e. fromWD

Sommopyb4 urs isvlatedyand wag &illy sRpyaeieriaeft bysBle@errt. tiegmatigneof the
aeélr%g %%@&mkévgg Bg |r'r|936fj4 %P%ﬁl ttePnd'ngtLrﬂr%r?h @m(ﬁﬁor two hours.
times stronger then tro-2-1 sopropoxybenzyl i dene.
The ol erodust %waﬁ tsemafa*@dérqam thedibeiatacaphosriBs §n@5ﬂecomposmon
related to
Do B o o e R AR e & o the
5 stilbene 7. Stilbene 7 cannot react further with
ﬁﬁh@lp)’ecsbﬁt |ﬁ\f/erft|8F1 AT} ;?blé}fsoﬁ/eﬁt kQ). 98R&EAL anﬁlseﬁler% thereof, n-
therefore 1ts formation inh ts the reactlion and
pertare Pefole ) ethesf cxd@exawmltohmr@d betzensapd mixtues thgreof and a
FnIB?e & utﬁé B%éé rﬂ)%ta%&hhh@ﬁ%eménefaf@% théIégLf’Elss'(Q 8.9:p potasswm tert-

fic romthe practi cal poi nt of view.

h@taé!pﬁ@dW@vaﬁ i@te%OﬁQH%wfdo@v@ VasaRelqotrd as a more effective
10 El%sr ﬁ%@%@%éﬂ'@eﬂ’ﬁh@@@ﬁ%@ﬂéﬁtloﬁsm Mli%h ;t-)he action is close to
prop-1-en-1-yl ] benzene 5 (R (?er oes much
¢lorRsenenussondiienoaAlowsHp develep gthighrw@alﬁg@ée@@éamﬁ@'is
t he exchange reaction. The 10-fold excess of 5 (R =
CI—B(gwgl ves best results allow ng conversion of the

i othetunexpasias ehsetiatioh 12 edn fieniumrerntaiaing rghly coloured
F@’éﬁﬁ@]’%\{agrogu&é are doIGR8 iR HERATALRE tARdify ﬁ\‘éydf'tljc?edrea&{‘fcﬁl mixture by

er excess of the ligand 5 1s possible,
15 pigwisscrygialigation vabavidesddagse MFOL@@FQW%OQWWl§§19paratl0n As a result

BXRPBRES dhasd diishtWhididIy obtained in a multi gram scale in a high yield (98-

92%).
/Ny _ Mes—N N—Mes
PCy, Mes—N\?N—Mes BF,
Clu, Clu,
R KOC(CH,),CH,CH; /CuCl le
0 n-Hexane, then CH,CI,

\( 98-92%

20 Next step requires the replacement of the good chelating 2-isopropoxybenzylidene
fragment in 3.1 with the less chelating 5-nitro-2-isopropoxybenzylidene ligand 5. The
synthesis of 5 is known i. e. from WO 2004-035596.

Mes—N N—Mes 0] Mes—N N—Mes
\/ 1

Clu., :_ \( 5 (R Cl .,

Ru= - I

cr = CI' C
' R=H
0]
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equi valents of 5 the isolated yield of 6.1 was 45-47%
i nstead of ca. 60% obtained typically with 10

weouresd4ents. Initially it was found that at aPCT/EP2006/068156

tenmperature about 120 - 80C ttoed i gand exchange

reaction is easier to be controlled and gives

reproduci bl e yields of nitro-Hoveyda 2nd generati on

catal yst 6, being in a range of 55-70% The crucia

paranmeter for a successful transformation is the tine

of the exchange reaction, which has to be in a range

r f :

%g?gogérl Bl uarmﬁnﬂs%tﬁ%t th@? ééc?ﬂ?é]cﬁggénczgﬁdcﬁn%hggﬁd Bﬁnd% to ruthenium
ﬁ@ﬁdlr@@mtfqngat ihgn 5d‘fltrﬂfx21@ﬂﬁ¢nﬂxw€2€&l“%ﬂé Insrdeske gbifighis equilibrium
§r5%/9<6gsstoh§tyh°etn@r§r‘|apvg té‘HQ Wakq, ﬂno%e'r'%?dl’ﬁerﬂ_ N9atb§ 34 th‘i'g step is fast homo-

1-i sopropox -nitro-2- -en-1-yl | benzene can
gignerigelinneat s r@ﬂi%ﬁ>$ﬁé“|@@%?10n and recycl ed. SU|tabIe
solvents for this reaction are aliphatjc and aromatic

- 10- hydr ocar bons (hexane and isoners_L&ereo R

n- pentane, petrol eum ether, cycl ohexaneobep .
tol uene) and m xt s thereof, pré&ferentia |y toluene.
The crude reactd ) xture after thg"ljgand e ange
step, consis of &RNj t r o- Hoveyda catet ysts/(6),
smal I anmount s'of gunreact ed Hoveyda- G ubbs Znd
generation catalysts (3), |large anmobunt of unreacted
ligand (5), stilbene (7) and sone m nor byproducts and

bfibéne ¥ Baidl Bdact Qmﬂ\ép\w% eRbYERIPHrARR Fol B¢ RNGEHERSi6br 6.1,
i solation of product 6 fromthis conplicated m xture

trl%ef%ﬁed@d%rtmqt@” ﬁUWt?'tﬁlt'é%lr%?t"?ﬂ §t dgareasss v Piribeing @roduct.
SEpSIStiGH otthé BryBhalihB atibehd %F&!u@teﬂlﬁ%%%ﬁéult from the practical point of
crystallizations: Crystallization fromE OAc to

Y'8¥pve the unreacted ligand 5 and catal yst 3

Crystallization from CH2CI 2 to renove stil bene 7

gﬁepeated i f necessary) Crystallization from
enfiaigiledoptimgtioeit W@ﬁé‘?qﬂdﬁﬁa@i‘? FRERRROPding d-igRnreRpy gnitro-2-

ﬁ)rop 1-en-1-yllbenzene 5 (R = CH3) undergoes much slower dimerization, while it still can

be used for the exchange reaction. The 10-fold excess of 5 (R = CHs) gives best results
allowing conversion of the 80-90% of the Hoveyda-Grubbs catalyst. The remaining
unreacted 3 or 3.1 can be separated and recycled. Use of smaller excess of the ligand 5
is possible, but leads to lower conversions. For example in test exchange reactions with 5
equivalents of 5 the isolated yield of 6.1 was 45-47% instead of ca. 60% obtained typically

with 10 equivalents.

Initially it was found that at a temperature about 120 - 80°C the ligand exchange reaction
is easier to be controlled and gives reproducible yields of nitro-Hoveyda 2™ generation
catalyst 6, being in a range of 55-70%. The crucial parameter for a successful trans-
formation is the time of the exchange reaction, which has to be in a range 15-25 min.
Prolongated heating leads to formation of larger quantities of 7. Under these conditions
the homo-dimerization of 5 is minimized and not exceeds 35% of the starting amount of 5
used. The rest of 1-isopropoxy-4-nitro-2-[prop-1-en-1-yllbenzene 5 can be recovered after

the reaction and recycled. Suitable solvents for this reaction are aliphatic and aromatic
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These steps can be repeated if necessary until product
of a final purity of at least 95%is obtained.

w@Eeouposi4sd on of sanples after each crystalli zapCDRPEDEWS156

can be conveniently checked byi/Z4H NVMR Characteristic

NVR signals are as follow. Stilbene 7, 2H (CH=CH):

7.49 ppm N tro-Hoveyda 6,1 H (CH=Ru): 16.46 ppm

Hoveyda- Grubbs 3, 1H (CH=Ru): 16.56 ppm The filtrate
after first crystallization from EtOAc contains mainly
byfrecarbens (hpyanerns isemers|tkereefinbpanianespegrolesim ginar, systehexane

onposi ti on
Etar %Sto%‘gg) qﬂ&ﬁ%%?%&fj?@goﬁ%éﬂéwggilt| on (tars)
can be easi |y separated by filtration through a short

ﬁ’ﬁ‘éj CIQJEG $éédt|8l€?‘ rr@ﬁhr‘ difdr fhe Ii@%ﬁ@ e§@r1%|n§e @fe%P@tgrf%‘s‘tso& tﬁél-gltr%)Hoveyda

col umm of i anmet er cm an | oaded

%talﬁﬁmu(@hﬁmafrﬁ@ows mfmnr@a@teéﬁwewag@mhbﬁ 2 msratlyn daglysts (3),
@?/Qet an&%(%‘l"ﬁ?‘(re%te@‘h&éﬂd (%? e.sttlﬁ)bﬁe Eﬂ #rid ¥ AMinor| %r&dﬁcﬁé and tars. In

fraction contai ned ﬁure , then a m xture
PIYEROrAVOIA GVPRHREYERPET, te@wss@ﬁélaa%mrowct §tfrany tygecomplicated

méur%%é s&bs& is ur%kitbg élﬁz%i.mﬂomqﬁiékme%x@mméfouow.ng

ni tro-catal yst e easi |y obtai ned
ﬁ%@f‘@ﬂ* Pl gestplieptiorgigener at ed |igand 5 (conbl ned from
the first fraction and filtrates after crystallization
of the second fraction) can be successfully used in
pr dgustallizaiondfonheiQAc toTermoyathehmseasted llgand atandyostalyst 3
5 BT Lt Mgl PRl ARRERLER).
& Libkasalhmxwdra)rrcmemayeltto$erho‘0men’rmnhg stlpehes/ ambunreadted 3.
also a starting material for the exchange reaction.
Summary - The first step proceeds very snoothly,
fhedeie s caouet reBeatad ifinghessiagl uhtihptoduct of a final purity of at least 95% is

obtained. Composition of samples after each crystallization step can be conveniently

checked by "H NMR. Characteristic NMR signals are as follow:

¢ Stilbene 7, 2H (CH=CH}): 7.49 ppm;
¢ Nitro-Hoveyda 6,1H (CH=Ru): 16.46 ppm;
¢ Hoveyda-Grubbs 3, 1H (CH=Ru): 16.56 ppm.

The filtrate after first crystallization from EtOAc contains mainly unreacted ligand 5,
smaller amounts of 3, 6, and some amounts of 7 and undefined products of

decomposition (tars).

The undefined products of decomposition (tars) can be easily separated by filtration
through a short pad of silica-gel. In a large scale preparation (10 g) i.e. a column of
diameter 12 cm and gel was loaded at 9 cm hight. The column was eluted gravitationally
with 5% to 20% v/v of ethyl acetate in c-hexane. The first fraction contained pure ligand 5,
then a mixture of 5, ruthenium complexes 3, 6 and some amount of stilbene 7 was
collected. From this fraction additional amounts of nitro-catalyst 6 can be easily obtained
by crystallization. Regenerated ligand 5 (combined from the first fraction and filtrates after

crystallization of the second fraction) can be successfully used in preparation of next
-11-
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practically no other by-products. The mass bal ance
after second step is nore interesting. Starting from

wd oé/osp4ed 3 and 69.6 g of the Iigand 5 obtai ned/LB2026/058156

of the product 6 (60% of yielthand 2 1.0 g (35% of
yield) of stilbene 7 are obtained. In addition it is
possible to regenerate in total 36.4 g (52% of staring
amount) of ligand 5 and 2.6 g (13% of starting
Hoveyda- G ubbs conplex 3 (as a mxture with 5).

belahae g theisatalsishult e amecalisiensy s ihe Feshiy PN, Tgere s no
ﬁé’éoetots‘épgrl%ﬁ@fh@ s'n%ll%&\?st &errgxgbssﬁo@e)ﬂB chiMyst 3 from th? ligand 5, as it

N tro- Hovey eneration catalyst 6 (97% ace.

R0, a slﬁémgdn%terlth@lthie exchaRge [RACHONI t r o- Hoveyda 2nd
generation catalyst is 55% after two steps. USED TERVS
AND DEFI NI TIONS Terns not specifically defined herein
SHEwmary bd hgifijet steprrsosasdn ivalySSMaeatly \aNingl PIee ugfi /e Mighoyield with

bﬂ%m[amy nB8ehe? y%du’cts‘ ﬁ"hé Pr%s@ro'élahEb éﬂ&@)c%d B8 s more interesting.

osure an cont ext

Spelinarfrera P érg ofr%wk/@? 6 Q%Frﬁ@agﬁé(ﬂma"&@ 1%1 gipé the product 6 (60%
SPWJJIH)G'&F)G 21, @g ({35’%'0@%[&9 of &livEhehANe db'fbﬁnéﬁeﬂ'néélgtlon it i tis possible to

i ndi cat ed | Ow ng conventi ons are
fegenestedgdotat 34 @62 ohslering amopel) eligape wta @ﬁél‘ 3%) of starting

ﬁ@flé})ﬁl'aIGr‘aEi@s edmpiek BRasH %)Et@lle \ﬁiﬂ\dS)C FP]naV&mn'nQ@ahsﬁé # Sbove

at om val ences are pr esuned achi eved nd
fesorbpdBreRRERligh 60p & abiio Qtéalmm' arbBateh 18.38'0 Qiéhmlél@r@ Hoveyda 2

SiFhtbn RS 6107, a%BYtoWRP ThERtSl NB’ Bpﬁl@'bﬁr@ﬂltttot\@oveyda 2nd

esignated atomis replaced wth a 'selection fromt
periretane @ ialysh i %p PBGT Medtensat t he designated aton s
normal val ence is not exceeded, and that the
substitution results in a stable conpound. The term
"C -6-alkyl" as used herein, either alone or in

oeED FIER 8 AN DEFANPINGSE substituent, means acyclic,
strai ght or branched chain al kyl substituents

containing fromone to six carbon atons and i ncl udes,

TOMEXAIPLGricalPhBiHed HEFN Sholl BB Ylven e MbaniR§X ¥t wdald 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. Unless 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.

The term "C4¢-alkyl" as used herein, either alone or in combination with another
substituent, means acyclic, straight or branched chain alkyl substituents containing from
one to six carbon atoms and includes, for example, methyl, ethyl, propyl, butyl, hexyl, 1-

methylethyl, 1-methylpropyl, 2-methylpropyl or 1,1-dimethylethyl.

The term "Cy¢-alkenyl" as used herein, either alone or in combination with another

substituent, means acyclic, straight or branched chain alkenyl substituents containing from

-12-
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met hyl et hyl , 1-nmet hyl propyl, 2-nethyl propyl or
1,1-dinethylethyl. The term "C2-6-al kenyl" as used

whengiom4sei t her al one or in conbinati on with amOL/BR2006/068156

substituent, nmeans acyclic, st¥yai ght or branched chain
al kenyl substituents containing from-12-one to six
carbon atons and at | east one double bond. For exanple
et henyl , propenyl, butenyl hexenyl, 1-nethyl ethenyl,
1- nethylpropenyl met h propenyl or 1,1-
enerior S PR AlPMS aﬂﬁﬁeatt'@ﬁ%?ﬂ@@t&ﬂ%bq)@af@wxa%e gtheqyl. propenyl,
ih |

R e P B, AR, 2 oBRRN OE
@nwﬂnmﬁnﬁgdltuents containing up to six carbon atomns
havi ng one or nore hydrogens substituted for a hal ogen
sel ected from brono, chloro, fluoro or iodo, .
phefesmakh-yhalpalkyloas peest kareip| §ithen alope orindcogtingtion wikpianother
Elf’d%'hﬁj%ﬁp%ceang:%c@dlgl éﬁ%ﬁ&ﬁbkbfﬂan%r@ﬁ] élk;}l%hﬁ’sﬁﬁ% faining up to

2-trifluoroethyl or perfluoroethyl term
SIwa@Dammhmg oRESON 8§ MYErasiens S@b&tlhé?d ‘@lr amalogen jsplected from
R, BRIbHP Audotd? |cs”i‘x‘%obr'%ii‘e’rat:ﬁ%J RSdrb! M%'?Hrablﬁ%nt%rrﬁ Cy.s-haloalkyl

cycl oal kyl' substituent contal nin romthree to six
tepresentsatd istlugiealion éPQfdé%t”@y@pm@ﬂUb)ﬂ 2 Zérgf@pmﬁygl pr perfluoroethyl.
cycl opentyl or cycl ohexyl. The term"aryl" as used

herein, either alone or in conbination with another

S tarmt" Gestyclopdiah'aseiser dereim edhemaienaomp sewptnatien with another
§l}‘o%ﬁlﬁj'(§hpFne%ﬁgg%blsalﬂ}llshb%f&édt%o&ﬁﬁﬁr@%rﬁ %&@U‘élf‘garbon atoms and

carbon atons. For exanple, ar I ncl'udes a phenyl or
inalvHeR gyclonreryl.Pysipbuty!, Grrégnranty QWMC'OHT'\%HS general | y an
aromati c system for exanple phenyl. The term

"hal ogen" as used herein neans a hal ogen substituent

$ke tesmedryt rasrased hiered), efheraiene orip gembinalieiuwith engtive substituent,

RE&Rs bither an aromatic monocyclic system or aromatic multicyclic systems containing
carbon atoms. For example, aryl includes a phenyl or a naphthyl ring system, wherein aryl
means generally an aromatic system, for example phenyl.

The term "halogen" as used herein means a halogen substituent selected from fluoro,

chloro, bromo or iodo.

EXAMPLE - STEP |

/@
N__N ®
2 ©
PCys L/4:j2: E; :i::>\l BF, —
cl, | , N N
oM .Ru' CI,/Y
O KOC(CH3),CH,CHs / CuCl R

1
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-13-Materials: Hoveyda-Gubbs 1st generation 1
(Boehringer Ingelheim SIMES x HBF4 2 (freshly

wee@pasas) Potassiumtert-anylate (1 .7 M soPCL/EPI006/068156

tol uene, Fluka) Copper (1) chizwide (Al drich)

n- Hexane (dried with CaH2 and distilled under Ar)
Ethyle Acetate (p.a.) c-Hexane (p.a.) Methanol (p.a.)
Di chl oronmethane (p.a.) Celite (Fluka) Procedure |

1.1. Preparation A dry, 1000-nL, one-necked,
Matatialgot t omed flask is equipped with a magnetic
stigri _pan el nhinlet. The
o L U S R
$0ISIMESI\VEBF x2 kiBRAlypré@Bed8 nmol, 13.9 g) and dry

n- n 400 m ). | ut.i on .of pot hum
fe:}?oifagSS? ré%egt'?r%a%e&%'\i%o@go 3 @H‘Sﬁs’ Fﬁ@%&dded froma
syrGopper Aychldrive (ARSighY i ng m xture is stirred under

argon _at rqomt eratu for 1 h. To the resulted
§oﬁh'tq?’%‘ea(8§%ra W@‘%Bé%-@'ﬁﬂﬁgdﬁﬁr generati on
catmhyiscdtaled®.4f) ol , 17.6 g) is added in one
portion. The flask is equipped with a reflux condenser
i thH@APN8{BEN inlet at the top and the reaction

0 OidthEndi.d. pf | uxed for 2 h. The contents of the flask

are cooled to room
¢ Dichloromethane (p.a.)

e Celite (Fluka)

Procedure |

1.1. Preparation

A dry, 1000-mL, one-necked, round-bottomed flask is equipped with a magnetic stirring
bar, rubber septum and an argon inlet. The flask is charged under an argon atmosphere
with a solid SIMES x HBF4 2 (35.28 mmol, 13.9 g) and dry n-hexane (400 mL). A solution
of potassium tert-amylate (21.6 mL, 36.75 mmol) is added from a syringe and the resulting
mixture is stirred under argon at room temperature for 1 h. To the resulted solution a solid
Hoveyda-Grubbs 1 generation catalyst 1 (29.4 mmol, 17.6 g) is added in one portion.
The flask is equipped with a reflux condenser with an argon inlet at the top and the
reaction mixture is refluxed for 2 h. The contents of the flask are cooled to room
temperature and solid CuCl (51.45 mmol, 5.1 g) is added slowly in three portions and the
resulting mixture is refluxed for 2 h. From this point forth, all manipulations are carried out

in air.

1.1 Isolation of the product by crystallization

The reaction mixture is evaporated to dryness and re-dissolved in ethyl acetate (200 mL).
The solution is filtrated through a Buchner funnel with glass frit filled with Celite and then
concentrated in vacuo. The residue is dissolved in ambient temp. 1:10 v/v mixture of

CH,CI, and methanol (220 mL). After concentration to ca. V4 of the initial volume using a
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tenperature and solid CuCl (51 .45 mol, 5.1 g) is
added slowy in three portions and the resulting

woreoorsEsi s refl uxed for 2 h. Fromthis point POI/EP2006/068156

all manipul ations are carriedismst in air. 1.11.

I sol ation of the product by crystallization The

reaction mxture is evaporated to dryness and

re-di ssolved in ethyl acetate (200 ml ). The sol ution

is filtrated through a Buchner funnel with glass frit

fatary edapgreter Cepmitemagraturelediy alp enpresipéaied n e goystafhare filtered-
Bféh g%chﬁerqgﬁr’?é?l\/\mﬁ%oﬁsg Iﬂ”’ﬁi’l&ﬁ?&/ tta%'HPe whsAL Wide \H‘tﬁ(érHéI?portlons

ter concentra I on

pICHAH 529k mbhand dried @&l vawcp tm@vmmrﬁdm/equ F Get@ypts 3 (25.3

r
ﬁ]Yrgog?S;@? gj} 'I(Heqmeté gﬂgf&géttglﬁfa)tlgﬁ es)’ ?Ja%tbzartgc{j % dryneﬁ%s and crystallized
&m@con@ Amelfrom €hl2Gh a&% methanol ugirg e pamglpsotaed giving an
M‘@oﬁﬂﬁ%l Eer%? pWetIJfbv%?@é b”"%@ﬁér‘aﬁ&?céf&l{g%%&o?q 8 g.)) The total yield

dried in vacuo I Ve pure cat aly
Qf F(UQ% HoveydstGrupgs 87 ij‘era'ﬂﬁ@ C@@IYISP%&S 28% {20 mmol, 16 9 9)
crystallization is evaporated to dryness and
crystallized for the second tinme from CH2Cl 2 and
met hanol using the sane protocol giving an additional
EXQP/IF‘P_E @f@; floveyda 2nd generation catalyst ( 1 .7
nmol 8 g). The total yield of pure Hoveyda- G ubbs
2nd generat| on catalyst 3 is 92% (27.0 nmol, 16.9 Q).
EXAMPLE - STEP Materials: "Li and"
1-isopropoxy 4 nitro 2-[ propl=en-1- yI]benzene

5
m xture Hoveyda- G ( d cat al yst é@_é ared
previo Ccl/‘ﬁfj @ d| stillle ver |, ﬁ

Ar) H a.) NO,

5 v!
e r @
NO

3 6

2

Materials:

“Ligand” 1-isopropoxy-4-nitro-2-[prop1-en-1-yl]benzene 5 (E:Z mixture 1:1)
Hoveyda-Grubbs 2™ catalyst 3 (prepared previously)

Toluene (distilled over Na, stored under Ar)

Ethyl acetate (p.a.)

Methanol (p.a.)

Dichloromethane (p.a.)

c-Hexane (p.a)

Silicagel 60 (230-400 mesh; Merck)

Procedure Il

2.l. The ligand exchange
A dry one-necked round-bottomed 1L flask is equipped with a magnetic stirring bar,

rubber septum and argon inlet. The flask is charged under argon with the ligand 5 (1-
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Met hanol (p.a.) Dichloronethane (p.a.) c-Hexane (p.a)
Silicagel 60 (230-400 nesh; Merck) Procedure Il 2.1.

wab@7losgsnd exchange A dry one-necked round- bor¢ DRERIHOA68156

flask is equipped with a magneidac stirring bar, rubber
septum and argon inlet. The flask is charged under

argon with the ligand 5 (1-

- 15-i sopropoxy-4-nitro-2-[ prop-1-en-1-yl]benzene)

(0.314 mol, 69.57 g) and dry toluene (450 ml _). To the
§ep@pp>@h4@510a2i;§@p-g-e@31ryllb@szenﬁﬁ|(0 3149 meb 69)57 & aad dedtoluene (450

91@ beotﬁé 'sQIUtl cé%QIKQ ?@q Z%trhlrnbﬁqg%b H% e%dfeﬁrln the gér’ﬂon at 80 °C and

this t anal ysi s £ I ca

rmde@ 8@|\/§rf@k30 mé1. AdtRt thlssz% VLG apalysis I'Caa@ﬁitciftze TiL§ plates
@ﬂ@'@%}agl‘ﬁ]ant' Q@%W ﬁﬁetﬁﬁ %cétgfeqﬁtc' H%Qaﬁ’é] n?dléb%% QIBQ&%a%Bﬁ’Bf a new

Hé product ratio of the area of green spots 0 g
greepGpelai aproBwe. Phairato ahthenrea of araempRals obHayaydpdBraebs 2
andLNﬁroaé‘a@efl[%sCi'G%ohl‘a bELG @‘Qgco(f‘éln@ EH ?L@that trh%aé‘dir'lt‘?é‘adtlén is stopped.

sto e content of the is cooled'in
T'@%C%ﬁ@fﬁ of herfdsinis @ﬁmlaﬂw@ath m mm teMmpefsiiniat Fogt s, point forth, all

ﬁ{ah,p%ﬂb,ﬁyér@tdag%cﬂﬁﬁ] garried out in air. 2.11.
I'sol'ation of the product by crystallization The

reaction mxture is evaporated w thout heating to
ﬂrIIYI%%?a‘ironTJﬁhégﬁéﬁddtw cHyStaflizatigh! 1s dissolved in

col EtOAcg he®solution is then cooled in a
fheeeastion m ys *P\(ﬁpozﬁiedTWﬁhO%ﬁPéttngttﬁ|d§leeiSﬁeTfl9HéSldtﬂleV'SCOUS oil is
éu@LdN/éoCﬁH cbl%i I-f‘tUAtcr(Qé@ﬁilL% Hfh(%%mtuén %%Qrﬁ‘%olédi Wb?#reél!eF 30°C ) for 45

gl ass

F@géﬁt@r s e B qoicysarietion i Gisateg ﬂnrlougah 2 eGB! with glass it
¢Rd FIBSIQHILTRATE I) is kept for regeneration of ligand 5 (see 2.1lI). The solid collected

on a filter, being a mixture of stilbene and Nitro 2™ generation catalyst, is then dissolved in
refluxing CH,Cl, (~200 mL) until a homogeneous solution is formed. Then the obtained
solution is cooled in a freezer (-30 °C) for 30 min. After this time a mixture of crystals
precipitates. These crystals are filtered-off on a Buchner funnel with glass frit and washed
with cold ethyl acetate until only yellow solid (30.69 mmol, 11.86 g, stilbene) left on
Buchner funnel. The filtrate is evaporated to dryness and then it is re-dissolved as before
in a minimal amount of CH,Cl, until homogeneous solution is obtained. To this solution
methanol is added in a volume three times greater then the volume of CH,Cl, used. The
solution is concentrated using a rotary evaporator until crystals precipitated
(approximately half of the initial volume of solvent must be evaporated). The solution is
decanted to the round bottom flask and the crystals are collected on a Buchner funnel with
glass frit. The crystals are washed once with small portion of methanol (~30 mL), and next
with the minimal small amount of ethyl acetate (~20 mL) and dried in vacuum to give the
first crop of pure catalyst 6 (11.98 mmol, 8.05 g). The filtrate and the methanol solution
from decantation are combined and evaporated to dryness. The residue is dissolved in
refluxed CH,CI, until homogeneous solution is obtained and the above described
crystallizations sequence (2.1l.A to 2.11.C) is repeated to give the second crop of pure
catalyst 6 (4.04 mmol, 2.72 g). The third crop of Hoveyda catalyst is obtained from the
filtrate (FILTRATE I) after crystallization of the crude reaction mixture from ethyl acetate

(see bellow).
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on a filter, being a mxture of stilbene and Nitro 2nd
generation catalyst, is then dissolved in refl uxing

WERRTH3448200 nL) until a honbgeneous sol uti on PGI/EP2006/068156

fornmed. Then the obtained sol1mwi4on is cooled in a
freezer (-30 C) for 30 mn. After this tinme a m xture
of crystals precipitates. These crystals are
filtered-off on a Buchner funnel with glass frit and
washed with cold ethyl acetate until only yellow solid
(30.69 mmol, 11.86 g, stilbene) left on Buchner
ﬁ'i’li“?@égenl%%oﬂ&fttﬁé‘ilﬁaﬁ 6P ARREAIRYcliy dr yness and then

i s re-dissol ved e ore In a ~mnlmal anount of

Ore titrated AL TIRAH G gBereyializsitign pbihejcsudseastipadnixtge tramsethyl
§6&té‘t¥a'|§5‘véﬁ%Hi{@(ﬂﬁJ drﬂ/r?'es%daql@q)a%éb@th}’dﬂgH MEsHORIR8 df %ﬁ@é 8el Two

reater then e vol unme of sed. The sol utl
%@ctl@aﬁ genehtainedr the firsgfractiopt(BRHCEIRN brdkirg aftaitevpporation a yellow oil
oy &)lé]dﬁﬁ@gédHnP@n@QFlﬁﬂéwmllf@@iﬁgﬁ Jrédid 0|P(28td"k$ The second

Initial volune o sol'vent nust vaporate
Hattighiipepliested ewtirthe golpar ereéuernégfﬂﬁﬁgsétfrtoahgrpm%br@wa Tirgesecond

ﬁéc}f%h% éor%'éﬁtr&t@& ltc?&r;/ﬁQSSQH vQc@MEscﬁ\}é@ﬂﬁbl—V\CF hTrgaln%éthanol (ina

frit. he cry stals re wash once wth smal por 1 on
mlurﬁ@ttmfaﬁ @me§ ggepteRthan H\¢d/0hl=§\9<€t owwﬁlz%éd}vﬁ@dﬁm tostha rgsulted

ﬁ&ﬁé@ine@?%g&lpﬁﬂn 'ﬁﬁ%eécﬁ&t%n(ls &bhd&hira@l %sﬂp'a%tdr@eyﬁﬁ%m until green

to gl ve I rst crop o ure cat al
pirsiRls megBitaigd (apﬁ@XfmateIwéna ohihg imitial Vﬁ’é'm?aﬂﬁélolv%l igevapprated).

fl'ﬁé’s‘@ @%éﬁgta?é é&l@cl@ﬂ%ncao@f%h'ﬁggfuﬁﬂg vﬁﬂ‘lag%’srs%%ottﬁen Waahed once

%ness he residue is dissolved In Tefl uxed

i BIsmed peg iR «d methasoLit-i28mli)s Obtgingidrrexstalm are teedisaobied in refluxed
é?—l§@l£ hrﬁﬁ’ﬂoﬁb?éﬁ&'u%'sé@%r‘?@%b?ﬁﬁé{?ﬂﬁﬁthé%)rddedﬁret& c?ys’tdlhzglon (2.l.C

I'S repeate ive the second cro pure cataly

{o2.0.D) jgrgpeated '@9'@9’ thetthisd £reirad ther M‘Hoﬁﬁt% %mmol 2 58 g)-
?ﬁtalﬂ) hide érép@@fttﬁé REFD- F—IB\%WE he JénleFd't@Fl %afaﬁ,‘s{—a_r@%-gﬁlﬂu)ed (19.87

ater stal ['i zation the crude reaction m xture
35//9) a;@equgtegtepgg@n@grqz@mbatlon fremChl3Gl./ MeOH. The obtained

5%%%%{3@5& 28 Pieduier VRANM. TRY okl yicRest th&piie! (979 acc. to NMR)
Nitro-Hoveyda 2" generation catalyst is 60% (19.45 mmol, 13.06 g).

The first fraction (FRACTION 1) after silica gel filtration and filtrates after crystallization of

the second fraction (FRACTION Il) can be combined and recycled in next preparations of

the catalyst.

17-
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The filtrate (FILTRATE |) after crystallization of the
crude reaction mxture fromethyl acetate is

weraposased to dryness and passed through a sheeT/EPRd6/068156

of silica gel. Two fractions ®wr® obtained: the first
fraction (FRACTION I) giving after evaporation a
yellow oil (22.15 g) and the second one (FRACTION I1I)
giving a green oil (28.6 g). The second fraction is
coll ected until the colour of eluent changed from
YHARZWECbABAN. The second fraction is concentrated to
dryness in vacuo and dissolved in CH2Cb. Then net hanol
S:ng a volune three tinmes greater than the vol unme of

Cl 2 nieeedy forgnapyiReduring a ¢renpaesdiof BXHmH@rﬁ)geneous
solution The solution is copcentrated using a rotary
evaporator until green croyst als precipitated
(approxi mately hal f of tl&gleH ial volume of sol vent
is evaporated). These cryst @I S e collected on a
Buchner funnel with gl as rit\aggthen washed once
wth a small portion of nethanol (- m ). QOotained
crystals are re-dissolved in refluxed CH2ClI 2 unti |
honogeheeirs sol uti on is obt ai ned and the procedure of
crystallization Cto 2.11.D) is repeated to
gi ve trhe tﬁlarréeué{aglbg 8]d the Nitro-catal yst (3.85 mol,
2.58 ). Fisrmlllhlyegérhfrcﬁﬂ1d06mdof the Ni tro- Hoveyda 2nd

and o] ecPeuES I 5 SERERR e G b crple By SR

MeOH. The GICGR® nSd)ﬁE&%l%(D(Rf‘%y@t@Jesalm er dyl, wﬂulelladﬁamay optionally be
vacuum The t 970/

Nt o Hovesistbfie Bus aftuBissle S atofd hGGen. G ! anc
mol , 13. 00-Q)es-alfyite first fraction (FRACTION |) after

silica gel filtration and filtrates after

crystallization of the second fraction (FRACTION I1)

can be con’ﬁ?nedderruﬂesr@waﬂkyddCi Fhaieadkyl (Cepacebikging aofl, optionally
the catalyst. subs\llm-lzi bya %ﬁlpl\élelected from among F, ClI, Br, |, Cy¢-alkyl,

0O-C6-alkyl, NO,, CN, CF;, OCF; or O-C,¢-alkylcarbonyl;

via exchange with a ligand of formula 5

T .

wherein R is C4-alkyl or H and R" and n has the above given meaning, with

compound of formula 3.

2. A process according to claim 1, wherein

-18-



A process for manufacturing a conpound of formula 6 L
wherein L is a neutral ligand, nis an integer from1
wo 2003/054383 R1 has t he neani ng of hal ogen, NO2, PCT/EP2006/068156
C -6-al kyl, C-6-haloalkyl, C@®a d , COORa, S2-R ,
PO(Ra)2, O-d-e-alkyl or aryl, while aryl may
optionally be substituted by a group selected from
anong hal ogen, d-6-alkyl and O C -6-al kyl; Ra denotes
G -8-al kyl, G -8-hal oal kyl, C3-6-cycloal kyl or aryl,
optionally substituted by a group sel ected from anong
F, d, Br, I, d-6-alkyl, OC-6-al kyl, NO2, CN, CF3,
OCF3 or O d-e-al kyI carbonyl; via exchange with a
l'i gand'igf fornupgr'®,wherein Ris G - 6a|ky| or H and
Rl and,,n has th ve given ning, wth conpound of
formiRa's. 2. p? 6@)@593%9@%3/ o qry: ‘claim1, wherein
-18- Lor1L1| s P(R & alligadd of fdtmililai 7, @b, o &l #ey | |
C3-8-cycloalkyl or aryl; or L1 is a Iigand of
formula 7a, 7h, 7 c o r9 7d 7a 7b g@? and R8 are_,,

10
each independently H ,\C iR - 6- al kyl - 6- al kenyl
. >_< N=
phenyl , reing 8 RN N—R® 7 8
R=N__N-R R N._N—R ~ R—N__N-R
7a 7b 7c 7d
R"and R® are each independently H, C¢-alkyl, C,¢-alkenyl or phenyl, wherein

the phenyl is optionally substituted with up to three groups
independently selected from Cq.¢-alkyl, O-C46-alkyl or halogen;
R%and R  are each independently H, Cy¢-alkyl, Cs.s-alkenyl or phenyl, wherein
the phenyl is optionally substituted with up to three groups
independently selected from Cq.¢-alkyl, O-Cys-alkyl or halogen; or
R%and R  together with the carbon atoms to which they are attached are
combined to form a carbocyclic 3 to 8 membered ring;

YandY' are halogen.
3. A process according to claims 1-2 wherein
R%is H, -C6-alkyl or aryl;
Xand X' are each halogen.
4. A process according to claims 1-3 wherein
L'is PCy; or a ligand of formula 7a, 7b, 7¢ or 7d;
Cyis cyclohexyl,
Xand X' are each chlorine.
5. A process according to claims 1-4 wherein
L'is a ligand of formula 7a, 7b, 7c or 7d; and

-19-
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t he phenyl is optionally substituted wwth u p to three
groups i ndependently selected fromC i -6-alkyl, OGC

WO 800alokasB3 0 r hal ogen; R9 and R10 are each PCT/EP2006/068156

i ndependently H , d-6-al kyl, #0246-al kenyl o r phenyl,
wherein the phenyl is optionally substituted with u p
to three groups independently selected from d-6-al kyl,
O d _6-alkyl or halogen; or RO and R10 together with
the carbon atons to which they are attached are

combi Rednd R®f Or Fep- ﬁ@fr@%}éﬁw 2, BdihRtiyIpRAPered4rd ﬂ@netﬁ@lphenyl
and Y ' are halogen. 3°. A process according to claimnms

1-2 wherein R2 iiss HH,, --dd--6 --aall kkyyll oorr
aarr>yl; X and X' are each halogen. 4 . A process

8O AligRgtels® fe ririiachar g @I Riduink olfdrﬁna{?@13 or a

ligand of fornmula 7a, 7b, 7 ¢c o r 7d;

cycl ohexyl; X and X' are dach chlorine. 5 . A process
according to clains 1-4H¥xeNAMES1 is a |igand of
formula 7a, 7b, 7 ¢ or 74, :and -19-R7 and R8 are

2- net hyl phenyl, 2, 6-di mg,,(a»)ﬂ enyl or 2, 4,

6-trinet hyl phenyl. A procesg f nuf acturing a
conpound of formula 6.1 G\f R,

6.1
wherein Mes is a mesityl group,
n is an integer from 1 to 3 and
R has the meaning of halogen, NO,, C¢-alkyl, Cy-haloalkyl, CO-R**,
COOR?, SO,-R?, PO(R?),, O-Cq.6-alkyl or aryl, while aryl may optionally be
substituted by a group selected from among halogen, C4.s-alkyl and O-C¢-

alkyl,

R® denotes Cq.s-alkyl, Cqg-haloalkyl, Cse-cycloalkyl or aryl, optionally
substituted by a group selected from among F, CI, Br, |, Cy¢-alkyl,
0O-C6-alkyl, NO,, CN, CF;, OCF; or O-C,¢-alkylcarbonyl;

via exchange with a ligand of formula 5

s
\( R,

5

wherein R is C4-alkyl or H and R" and n has the above given meaning, with
compound of formula 3.1.

Mes—N N Mes

Clu, '
" b

-20-
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Mes- N N-Mes wherein Mes is a nesityl group, n is an
integer from1l to 3 and R1L has the neani ng of hal ogen,

WOER;7/083483 6- al kyl , G -6-hal oal kyl, CORa d , EIDRR2006/068156

SX?2-R, PO Ra)2, Od-e-alkyl mw24aryl, while aryl nmay
optionally be substituted by a group selected from
anong hal ogen, G _6-alkyl and O Ci-6- alkyl; Ra
denotes C -8-alkyl, G -8-hal oal kyl, C3-6-cycloal kyl
or aryl, optionally substituted by a group sel ected
fromanong F, d, Br, |, d-6-alkyl, OG-6-al kyl, NO2,
CN, CF3, OCF3 or O C -6-al kylcarbonyl; via exchange
with a ligand of formula 5 wherein Ris G -6-al kyl or

B andARIoGES8 aﬁCQ’ﬂéiQQﬁm@laial’ﬁollt@ G iwereinthetemgerare uring the
con‘pogmagé H&Hi@b@io%ﬂz(ﬁd- Mes-N N-Mes -20-7. A

process ac ngtocalrrs 1to 6, wherein the
tenperature durl ng the exchange reaction is bel ow

120C. 8. A process according to clains 1 to 7, wherein

the ligand of fornula 5 is used in over 3- fol d excess
8onpafdrrgess Bpeoreing & ¢igimsat ter 7, avhprein the ligapd gtiesgula S is used in

accor gi i3 bR &kaédFontpdred B th%ﬁfaﬁ)sm bpg.1product is
obt ai ned through a sequence of crystallizations from

the follow ng solvents: EtQOAc, CH2C and

9. A process according to claims 1 to 8, wherein the product is obtained through a
sequence of crystallizations from the following solvents: EtOAc, CH,Cl, and

methanol.

10. A process according to claims 1 to 9 wherein the excess of ligand 5 is recycled

after the reaction.
11. A process according to claims 1 to 10 wherein R is CHs.

12. A process according to claims 1 to 11 wherein
n is 1 and
R’ has the meaning of halogen, NO,, CO-R?® COOR? S0,-R? PO(R?), and

R® denotes Cq.g-alkyl, Css-cycloalkyl or aryl, optionally substituted by a
group selected from among F, Cl, Br, I, Cys-alkyl, O-C,¢-alkyl, NO,,
CN, CF3, OCF; or O-Cq6-alkylcarbonyl.

13. A process according to claims 1 to 11 wherein
n is 1 and

R’ has the meaning of NO..
21-
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met hanol . 10. A process according to clains 1 to 9
wherein the excess of ligand 5 is recycled after the

wo e@chsass 11. A process according to clains 1PCDERI6/068156

wherein Ris CH3. 12. A procemsedaccording to clains 1
to 11 wherein nis 1 and Rl has the neani ng of

hal ogen, N2, CO Ra, COCRa, S2-R , PQ(Ra)2 and Ra
denotes d -b-al kyl, C3_6-cycloal kyl or aryl,
optionally substituted by a group sel ected from anong
F, d, Br, I , G -6-alkyl, OGCG -6-alkyl, NO2, CN,
CF3, OCF3 or O Ci-e-al kyl carbonyl. 13. A process
according to clainms 1 to 11 wherein nis 1 and Rl has
ithe némquS@ﬁcqmg ta olaim41 toal owlrréi®s according to
claing 1 tQ],gvherein nis 1 and Rl has the meaning
of C0-R a COOR a, S2-R , % and Ra denotes

G - 8- Bl ky| hasiBeeneapinaeiiGR" OQﬁ/JSOan,iPé?{Bfwnd
substituted by a group selected fromanong F, d,
C-6-alkyl, GG -6-alkyl or CF3. 15. A process
accordi ng Rd ondensttes Ges-alkyi Ges-@/ctoglkylior apH eprtiopaliyraibstituted by a

compound of for u ]
formula 1 via e%gﬁggéﬁ‘dsﬂmgﬁﬁ%ﬁ |gacﬁ1§avm\n9l o Afalky! or CF,

15. A process according to one of the claims 6 to 14, wherein the compound of

formula 3.1 is made from a compound of formula 1

PCy,
Clu,, ¢
" Ru=
cr
o)

via exchange of the PCy; Ligand with

b -
Mes—N N Mes BF,

in the presence of a base and a phosphine scavenger in a suitable solvent.

16. A process according to claim 15 wherein the base is potassium tert-pentanolate or

potassium tert-hexanoate.

16. A process according to claims 15 or 16 wherein the phosphine scavenger is CuCl.

-22-
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Mes-N N-Mes BF in the presence of a base and a
phosphi ne scavenger in a suitable solvent. 16. A

w@emcesssaccording to claim15 wherein the baseCT/BP2006/068156

pot assi um tert-pentanol at e or23mit assi um

tert-hexanoate. 16. A process according to clains 15

or 16 wherein the phosphi ne scavenger is CuCl. -22-17.

A process according to clainms 15 to 17 wherein the

solvent is selected from nhexane and isoners thereof,
hl.penf\@recespacedfieata eams: 15 toyld| whrikiadke sqlvangénselected from n-
benzeﬂ@xaﬂ@%n@@ﬁrﬁ’ér@%etré@rﬁ%mtaﬁé eae%%law tﬂerhg%ﬁé?%xéﬁe toluene,
A process according to clains erein

cr udebenzgoe i2pf nixto@sdherpef, pmferﬂblw waee'p ystal | i sation
fromnmethanol. 19. Use of a reaction product of

formula 6 or 6.1 froma process according to clains

1-18 as a catal yst for netathesis reactions. -23-

18. A process according to claims 15 to 17 wherein the crude reaction product is

purified by crystallisation from methanol.

19. Use of a reaction product of formula 6 or 6.1 from a process according to claims

1-18 as a catalyst for metathesis reactions.
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