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WD 2007/ 054483PCT/ EP2006/ 068156 1/ 24 PREPARATI ON OF
CATALYSTS The present invention discloses a novel
synthesis nethod for a catalyst of fornula 6, wherein

woNMbs7/d3am3t he nmeani ng of nesityl. wherein n ig1%P2006/068156

integer froml to 3, RL is atgubstituent and Lisa
neutral |igand; BACKGROUND | NFORVATI ON Great progress
has been nade in the last few years in the
application of olefin nmetathesis in organic

synt hesis. Sone rutheni um car bene conEIexes acting as
(pre)catal ysts havBR ShBi ch possess
a high activity in various netathesis reactions as
well as a broad tol erance for a nunber of functiona
TaPdIpRent Thiestion AisFiRass 8oyl exmiiesist Beihetifers ajgtalyst of formula 6,
vhasiis Meg hab e Hsaid btniesfi. Such (pre) catal ysts in
organi ¢ synthesis. Mreover, for the practica
application, especially in industrial scale, it is
very desirable 20 that these rutheni um conpl exes are
stable for a longer pericad:.of tine in the conditions
of thermal |oad and thatirh&)\ can be stored, purified
and applied without the atie-éﬁgre of protective
gases. Rut heni um conpl ex wi ¥ 1®ig above nenti oned
characteristics are known'in literafgure. 25 See J.

Am Chem Soc. 2000, 122, 8168-8179 or Tetrahedron
Lett. 2000, 41, 9973-9976. However, it has been
wHBRADY & fdinfehar frain hed BER’ is ialabktithont lafid € 9N REGHRA igriah
a lower catalytic activity. Such a limtation was
found for exanple for the (pre)catal yst of the
formula A (see Angew. Cheme Int. Ed. 2002, 114,

BREREROINS 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
thermai 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

activity in conparison with the (pre)catal yst of the

formula A The catalysts A $Bzeand C contain an

I SO- propoxy group chelating the netal atom The

reason for a higher 5 activity of the systens B and C

is a steric hindrance caused by the presence of a

phenyl or a (substituted) naphthyl group in

ort ho-position to the isoypnopoxy group (Angew.

Chemie Int. Ed. 2002, MesAN, g82M834; Angew. Cheni e\

Int. Ed—2002, 114, 2509;2511). WD 2004- 035Y¥&6N. N-Mes

di sgdsoresnimgs a rut heni {fRvakbene conpl ex of of ormul a

D and i % practical use &s icayarysts for diffgeeft=

t ypesClofg oet at hesi s reachgﬁbs. 0 N

No2 '®F i ngeneral one can ay

sci ence t hat hi gher 'ty for catalytica

actiVEWﬁgst accordi ng to-ePnppunds A-D is cony

wth |ower stability of the

isopropxxbenzyliden-rutheniuglbond(s). 15 K Gelga et

al., Angew. Chem Int. Ed., 2002, Vol. 41, pp.

4038- 4040 di scl oses a process for manufacturing
npounds of fornmula 6 via an exchange reaction

Nag;gt(méqatajysi@ abibefermida Bant§ wer desgriled. which demonstrate a higher

cat]ah}ti% %ﬁiﬁ?@% )éctmﬁi:_ékiiéorntcaﬁ%- e w@&%@g@ Bf ﬂ‘nB:fé'l‘)nu{ér h.e1r||ee bfalysts A, B
no I Nt, outilize e corres nal n rop-,L-€en A

and CheRIlRIA 2N FSQORITPOXY,¢roRR &h?'ﬁ%fisgﬁ? W?{%@ﬁ?moﬂh%@ﬁgon for a higher

aciNilg \of tess)3tdimd B@ﬂ_dtﬂ)isﬁf g IFindtiaﬁf;@ baﬁfced(bﬁttﬁé pekénce of a phenyl
startl. rom via the epl ace n of the ;

or 3@ BB Dy ARSIt PR e S bitPory, orgup Angew.

Cheinfié int.ded. |2p02 28142 832884t Angewme €hemie Int. Ed. 2002, 114, 2609-25611). WO

i i ' ' W far :
2o§zf1-fo§§§’%é;&t9&g¥%§ﬂ?e¥5 rGRBRud SROR oo?@ﬁ%%?fﬁ%%l%b dridfi€Yractical

he ruthenium atom The
use ap sataliists forgifieienhbpes pompithesisueacto®sr er chel ating
substituted 2- isopropoxybenzylidene Iigand. s
SUMVARY According to a fir aspect, there is
provi ded a process fomegaéiéhcugging a conmpound of

fornmula 6 :
CI [7ARL

o
0 NO,
‘pr - 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).

K. Grela et al., Angew. Chem. Int. Ed., 2002, Vol. 41, pp. 4038-4040 discloses a process
for manufacturing compounds of formula 6 via an exchange reaction between a
compound of formula 3.1 and 1-isopropoxy-4-nitro-2-vinylbenzene (R=H}. There is no hint
to utilize the corresponding prop-1-enyl compound (R=CHj).

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

2
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10wherein is P(R11)3; R11 isCl_6-al kyl,

C3_8-cycloal kyl or aryl; or Lis a |igand of fornula
7a, 7b, 7c or 7d; 15 7¢c R 7 171=( RN N-R8 7d
R7 and RBare each independently H. C2.6-al kenyl or
phenyl, wherein the phenyl P82éptionally substituted
Wth up to three groups independently selected from
Cl_6-al kyl, 0-Cl_6-alkyl or halogen; R9 and Rl9are
each i ndependently H, C2_6-al kenyl or phenyl, wherein
20t he phenyl is optionally substituted with up to

sub&tit@8d QLIRS IxpEERSIdiaRt Iginds Ipessesding diferdPt affinky to, the ruthenium

BUACHCE et e 2 T

isopropoxybenzylidene ligand.

SUMMARY

- According to a first aspect, there is provided a process for manufacturing a compound of

formula 6
L
Clu,
CE"?U_
0
\r (R1)n
6
wherein
L is P(R")s; _
R"is C.¢-alkyl, Csg-cycloalkyl or aryl;
orkL ‘ is a ligand of formula 7a, 7b, 7c or 7d;
RQ R10 RQ Rw Y Y R1D
7 : : 8 7 - 8 RLN_N—RB 7 'N4 B
R—N\_/N—R R——NYN—R N R™=N,_N-R
7a 7b 7c 7d

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

R®and R"®  are each independently H, Ci.s-alkyl, Cx¢-alkenyl or phenyl, wherein
the phenyl is optionally substituted with up to three groups
independently selected from Cys-alkyl, O-C4¢-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

n is an integer from 1 to 3 and
R’ has the meaning of halogen, NO,, Cy¢-alkyl, Cyg-haloalkyl, COOR?,

SO,-R?, PO(R?),, O-Cy-alkyl or aryl, while aryl may optionally be

-2a-
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- conbined to forma carbocyclic 3 to 8 nmenbered ring;

Y and Y' are hal ogen 25nis an integer from1l to 3 and
Rlhas t he nmeani ng of hal ogen, NO2, Cl1_6- hal oal kyl ,
COORS, S02-R8, PO(1:212, 0-Cl_6-alkyl or aryl, while
aryl may optionally be 2b/24pgubstituted by a group
sel ected from anong hal ogen, Cl1_6-al kyl and
0-Cl.6-alkyl; or in the event that nis 1, also

CO0- R3; Radenotes Cl. 8-al kyl, Cl1_8-hal oal kyl,

C3. 6-cycl oal kyl or aryl, optionally substituted by a
group selsbsktdiedriyma gnoop gelectedifronBamong haiges, §|1k9ﬁ/<yl and

0- Cl. 6-al kyl, 2, : r a.
0-ClL 6- aléiﬁ%'&r@gl’?;'?f%!\{he%gg@i%rﬁ'sg AP TSN gand of
formula 5 5 10wherein Ris Cl.6-alkyl or Hand Rl and

12 LB Rl T . ooral

formul a
there is provisibdtitatedrhycegoup selented dioarcarnengnig, @, Br, I, C1¢-alkyl,

conpound 150f Lo mil,a, &l CN, CFs, OCF; or O-Cy-alkylcarbonyl;

via exchange with a ligand of formula 5

Dy

(R,

| \T )

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

compound of formula 3.

According to a second aspect, there is provided a process for manufacturing a compound

of formula 6.1

\( R,

wherein Mes is a mesityl group,

6.1

n is an integer from 1 to 3 and

R’ has the meaning of halogen, NO,, C,s-alkyl, Cs.¢-haloalkyl, COOR?, SO~
R?, PO(R?),, O-Cy5-alkyl or aryl, while aryl may optionally be substituted by
a group selected from among halogen, Cy¢-alkyl and O-C,s-alkyl;or

in the event that n is 1, also CO-R?;

-2b-
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wherein Mes is a nesityl group, is an integer from1l

to 3 and Rlhas the neani ng of hal ogen, NC2,

Cl. 6-al kyl, Cl.6-hal oal kyl, COORa, B02- 20R, PO(R2)2,

0-Cl. 6-al kyl or aryl, while aryl may optionally be
substituted by a group sel ecpgslh f rom anong hal ogen.

Cl 6-al kyl and 0O-Cl.6-alkyl:or in the event that nis

1, also CORa; 2c/24 Radenotes Cl4-al kyl,

Cl14- hal oal kyl, C3.6-cycloal kyl or aryl, optionally
substituted by a group selected fromanong F, C, Br,

I, Cl-al kigf, Odé&iotés &hkylkyl, SCRhal@Nkyl CF3;;-cyGiCERYlar aryl, optionally

0- C1. 6- al kyl carbhonyl.; . vi j t [ ga f

formil a5 whoraritied & BaEIaRbAci afehl BEE B C.calion
above gi ven ne@nCngalkyli NO,,MtsnOChE of OrCngtagkyBathonyl;

3. 1. According to a third aspect, there is

provi ded a process as defined above, wherein the 15

c onpaa edclefingt evitind Bgadd bf femotad® f r om a conpound of

formula 1 via exchange of the PCy3 Ligand wth

Mes-NN-Mes BF- 4 20 in the pr nce of a base and a
phosphi ne scavenger in a sui t%ol vent .

9]
\r R,

5

wherein R is CH; and R* and n has the above given meaning, with compound of formula
31.

Mes—N
es \/N Mes

Cl fay :

CI"' '?u"
Oo0—

T T

According to a third aspect, there is provided a process és defined above, wherein the

compound of formula 3.1 is made from a compound of formula 1

PCy,
Cl I :
> Ru=
cr
o)

'via exchange of the PCy; Ligand with

T
Mes—N_ _.N—Mes BF;

in the presence of a base and a phosphine scavenger in a suitable solvent.
-2C-
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-2c- 3/ 24 DESCRIPTION OF THE I NVENTI ON 5 wherein Lis
a neutral kgand, nis an integer from1l to 3 and Rlhas
t he neani ng of hal ogen, N2, Cl. 6- hal oal kyl, CO RS,
COORa, SO2- Ra, PQ(Fr)2, 0-Cl_6-al kyl or
aryl, while aryl may optionabky be substituted by a
10group sel ected from anong hal ogen, Cl_6-al kyl and
0-Cl_6-al kyl ; Radenotes Cl1_6-al kyl, Cl1_8-hal oal kyl ,
C3_6-cycl oal kyl or aryl, opti onal |y substituted by a
group sel ected from anon Br, I, ClL 6-alkyl,
0-01. - al kyl , N2, DESCR ON@FiHﬁlNVENTION
0-C1_6-al kyl carbonyl; 15 via exchange with a |igand
of formula 5 (R5 wherein Ris CL_6-al kyl or H and
The iestantinvertias relates dbe\peoagisy &ar iAoy ingwl eampawing ¢ fegmula 6
of formula 3. L

Cl i
or ,R =
O
\( R"),
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¢-haloalkyl, CO-R? COOR?, SO,
R?, PO(R?),, O-C.¢-alkyl or aryl, while aryl may optionally be substituted by a
group selected from among halogen, Ci¢-alkyl and O-C,s-alkyl;

R® denotes Cqg-alkyl, C1g-haloalkyl, Css-cycioalkyl or aryl, optionally
substituted by a group selected from among F, Cl, Br, |, Cyg-alkyl,

O-C,.g-alkyl, NO,, CN, CF;, OCF; or O-Cyg-alkylcarbony!;

via exchange with a ligand of formula 5

5
wherein R is Cg-alkyl or H and R' and n has the above given meaning, with compound of
formula 3.
L
Clo, g
o =
0

Preferred is the above process wherein

Lis P(R")a;
R'is C..¢-alkyl, Csg-cycloalkyl or aryt;
3.
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203 Preferred is the above process wherein L
isP(R11)3; R11 isCl 6-al kyl, C3.6-cycloal kyl or aryl;
-3.- 4/24 or Lis aligand of formula 7a, 7b, lc or

7d;

7a7b7c7d R7 and R8are each independently

H, C2_6-al kenyl or phenyl, whgpgi n the 5phenyl is
optionally substituted with up to three groups

i ndependently sel ected from Cl. 6-al kyl, 0-Cl_6-al kyl
or hal ogen; RO and Rl19are each independently H,

Cl. 6-al kyl, C2_6-al kenyl or phenyl, wherein the

henyl is._optio ti e .th up to three
O@T oups | NG & @ﬁagﬁ)kfo\(ymglgﬁ%&%gf%&o@, Cl- al kyl,

0-Cl_6-al kyl or hal ogen; or 10R9 and R19t ogether wth

t her*cardfon at ons:’t o réhi ch théy affe attached ar®é

conbined to form}a:@:ar bocycl i to 8 merrbgsl:éd ring;
Rand N-af e haegeph—R® R=N_N-R R—N,_N-K’
7a 7b 7c 7d

R"and R® are each independently H, C,-alkyl, C.4-alkenyl or phenyl, wherein the
phenyl is optionally substituted with up to three groups independently
selected from C,g-alkyl, O-Cqg-alkyl or halogen;

R®and R  are each independently H, Cs-alkyl, C,¢-alkenyl or phenyl, wherein the
phenyl is optionally substituted with up to three groups independently
selected from C,¢-alkyl, O-Cy5-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.

Esbeciélly preferred is the above process wherein

R*is
Xand X'

H, -C5-aikyl or aryl;

are each halogen.

Especially preferred is the above process wherein

Lis
Cyis
Xand X'

PCy; or a ligand of formula 7a, 7b, 7¢ or 7d;
cyclohexyl;
are each chlorine.

Especially preferred is the above process wherein

Lis
R’ and R®

a ligand of formula 7a, 7b, 7¢ or 7d; and
are 2-methylphenyl, 2, 6-dimethylphenyi or 2, 4, 6-trimethylphenyl.

Furthermore preferred is a process for manufaciuring a compound of formula 6.1



Especially preferred is the above process wherein
15R2 isH, -Cl _6-alkyl or aryl; X and X are each

hal ogen. Especially preferred is the above process
wherein L isPCy3 or a ligand of fornmula 7a, 7b, 7c or
7d; 20Cy iscycl ohexyl; X andsX are each chlorine.
Especially preferred is the above process wherein L
isa ligand of formula 7a, 7b, 7c or 7d; and 25R7 and
R8ar e 2-net hyl phenyl, 2, 6-dinethyl phenyl or 2, 4,
6-trinet hyl phenyl. Furthernore preferred is a process
for manufacturing a conpound of fornula 6.1 5/24
Mes-N N-Mes ClI' ' Ru_ BesrNwpheriésn Mes is a nesityl
group, is an integer fromlto 3 and 1:2l1has the

meani ng of hal ogen, NO2E''Chku6:al kyl, CL.6-hal oal kyl ,
CO-Re, COORe, SQ2- o Q

O
(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, C1.s-haioalkyl, CO-R?, COOR?, SO;-
5 R®, PO(R?),, O-C1s-alkyl or aryl, while aryl may optionally be substifuted by a

group selected from among halogen, Cqs-alkyl and 0-C;s-alkyl;

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

g
R",
5

via exchange with a ligand of formula 5

~

15 wherein Ris C¢-alkyl or H and R* and n has the above given meaning, with compound of

formula 3.1.

20  Preferred is the above process wherein
s the temperature during the exchange reaction is below 120°C, preferably below
100°C, most preferably below 80°C.
5.
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5Ra, PO(Re)2, 0-Cl_6-alkyl or aryl, while aryl may
optionally be substituted by a group selected from

- anong hal ogen, Cl _6-al kyl and 0-Cl. 6-al kyl ; Radenotes

Cl. 8-al kyl, C1_8-hal oal kyl, C3.6-cycloal kyl or aryl,

WopT/oTsssl y substituted by RCTfERINS/068156

sel ected fromanong F, C, B624, Cl 6-al kyl,

100- C1_6-al kyl, NO2, CN, CF3, OCF3 or

0-01_6-al kyl carbonyl ; via exchange with a Iigand of
formula 5 5 15 wherein Ris Cl.6-alkyl or H and Fe
and n has the above given neanin w th conpound of

* offfegolyent fpr thowgagioris\salectgd frem Ryl exqfte andjiserpgss dieteqf Jypentane,

i S pbiASie@h QHRr, RN IBRSENMNBIEHE) behRshel SRMRIKIGEMRrSoT bré@rably
t he exchange reaction is below 120C, preferably. bel ow

1088eN8pst preferably bel ow 80C. WD

20&1@1@54&8&8@%5@2@9@&@ 8IS B-Bld2kceddwnipatedanthd @italyst 3 or 3.1,

BTGRP Kcopb (1! EFTRINEYS: SO FEfSRa geicular

t ob&teaen gmaaexf@m@adesm xtures thereof, preferably
toluene. the ab.is used in over

S hgarcesscteand SR TP aflec ehedeg bRt 5 or "3 1

SpRreé eHabl y over 5-fold excess, nost preferably over
8-fold excess Rartl cul ar L _ ,

¢ the product is obfalned through a sequence Qf crystaliizations from the following

solvents: EtOAc, CH.ClL and methanol.

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

e 1% crystallization from EtOAc,

o 2" crystallization from CH.Cla,

» 3" crystallization from methanol.

Preferred is the above process wherein

n is 1 and ,
R! has the meaning of halogen, NO,, CO-R*, COOR?, 80,-R*, PO(R"), and

R® denotes Cqg-alkyl, Cs.g-Cycloalkyl or aryl, optionally substituted by a group
selected from among F, Cl, Br, I, Cig-alkyl, O-Cig-alkyl, NO;, CN, CFs,
OCF; or O-Cqalkyicarbonyl. '

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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between 9 and 11-fold excess. the excess of ligand 5
is recycled after the reaction. R is CH3. the
product is obtained through a sequence of
crystallizations fromthe follow ng .n)sol vents:

WCEWQZS4488H2Cl 2 and net hanol . Especi al |y pr ef &GI&g2906/068156 |

t he above process wherein t hé&24roduct is obtained
through three crystallization steps: 1st
crystallization fromEtOAc, 15 -nd crystallization
from CH2C12, 3rd cryst aI l'izati on from net hanol .

Preferred js t V, 0 er

Rihad®t he GFRURF g B nGroOUPARED orihigdpertiied by a group
802- Ra, PGekelkd fr@ﬁdarﬁmbéﬂdme&@éll_(ﬁ @{Cyhlkyl or CFs. :

C3. 6-cycl oal kyl or aryl, optionally substituted by a

group selected fromanong F, A, Br, I,
Ci cal kyl , NO2, CN, CF3, OCF3 or 0-C1. 6- al kyl car bonyl .

e A AL B BB PO e o1 e

fromeé eompobindsof fdrmukbiove

via exchange of the PCy; Ligand with

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

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

+ the phosphine scavenger is CuCl.

e the solvent is selected from n-hexane and isomers thereof, napentane,lpetroleum
ether, cyclohexane, toluene, benzene and mixtures thereof, prefe_rably 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.



i sland Rthas the nmeaning of CO Rd, COOFV, 802-R2,

PO(FO0)2 and WD 2007/ 054483PCT/ EP2006/ 068156 7/ 24

Radenot es Cl143-al kyl, C3_6-cycl oal kyl or aryl,

woapbi/aaBl y substituted by a group sel ected fpaammpiigsiss

F, d, Cl_6-alkyl, 0-Cl1_6-al gk or CF3. 5Furthernore

preferred is the above process wherein the conpound

of formula 3.1 is nade froma conpound of fornmula 1

FFCy3 C W' 1 via exchange of the PCy3 Ligand with

10 Mes-NN-Mes BF" 4 in the presence of a base and a

phosphi ne scaPEIMNLEDR RESCRIFTION @QF JHEJNNENTION

15Preferred is the above process wherein the base is
otassiumtert-pentanolate or a honol ogue thereof _
ne RpssiplersiyEng matasiet e tisrsapasytion is adiqyRpRIUBEs 2™ generation

ca BRI Brriufa S8 can be synthesized i.e. in high yield (98-92%) from Hoveyda-
5  Grubbs 1™ generation catalysts of formula 1 (R = Cy, R' as defined below) and SIMES

carbene precursor 2 under carefully optimized conditions.

: ®
P(Rd) [
ol [ﬁNﬁH”Nﬁ\] Br.O N_ _N
7 C|";R Y= CI,?(
YO base 2 : CI":RH“

g

1 3

A similar process using 1 (R* = Ph, R" = H) as a starting material has been previously
described by Hoveyda et al as being low efficient [Steven B. Garber, Jason S. Kingsbury,
to  Brian L. Gray, and Amir H. Hoveyda J. Am. Chem. Soc. 2000, 122, 8168-8179). Blechert
has reported a more successful two step preparation of 3 from 1 (R = Cy) in 75% vield
[Simon Gessler, Stefan Rand! 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;

NN @
PCy; [’d ?_T :b\] c ©
2
Yé > | KO'Bu N Cl,Tu- o {
: -

15 moiety.

[\ 4
N
CHCl ol M
—_— CI'RU_

e



the solvent is selected from n-hexane and i soners

t hereof, n-pentane, petrol eum 20et her, cycl ohexane,

t ol uene, benzene and m xtures thereof, preferably
WOrRedEnsause the crude reaction product i POIER26(668156

by crystallisation fromnethatel. Al so preferred is

the use of a reaction product of fornmula 6 or 6.1

froma process according to clains 1-18 as a catal yst

for metathesis reactions. 25 WO

2007/ 0 4483PCT/ EP2006/ 068156 8/ 24 DETAI LED

Hve] iegateRNe KOERIY GRATERIENEESY Bipeesh Beimalgn of the

daBiteRy donbpldxOkrad éurﬁev@e SP I :arhg @n4 kaSro@meM@M@&rr@fm@hSES 23r8wo hours.

erati at al sts of e
T8 rHr D65 el SYptrdin ey it oreins Hhosg s g dssoEpastion
produeisiyFiadh osfog@neraihyasingataicysisshoblubatr rula 1 (R =
Cy, Rl as defined below) and SI MES carbene precursor
° 2 under carefully optimzed conditions. P(RL13 1 Ru
IrCtherpredent infersgiomal Iass naﬂa]tseﬁtsni,lsigwg hix4rie3ard ismerRiheredfl) n-
t I . i_be
oB el gL A, FoBond ™ R, PPl B e e ano o
n@ae beinble baso mo&ssl&m@ﬁ’mgnyﬂnolathlndemmglog@aﬁ-g rntasAln tert-
ooy - ] ,
g1 o AR SR A0 2RISR o
10 ppesphinesceegngef. These medificgtions iroyhich he763stiphds elogeIpnon

R cRbousARbABnSaRNs tg@gvébfggrgyg%!(ﬁhgc_g%@ﬁ rocess.

Tetraﬁedron Letters 2000, 41 at ment
of 1 with 1.2 equiv. of SIMES x HCI and 1.2 equiv.

IHSA b fheIHEx;ﬁe&é& SHRRR/aBbn ﬁr@@thb@@lﬂ@mﬁmfc%htaﬁrﬁh%h%hl coloured
formation of a intermediate 4 still bearin C\iy

reaction by-products are soluble in methanol allows to purify the crude reaction mixture by

15 simple crystallization without need to use tedicus chromatographic separation. As a result

 complex 3.1 can be straightforwardly obtained in a multi gram scale in a high yield (98-

92%).
o . Mes—N,_ _N-—Mes
F;’Cy3 _ Mes—N\?N—Mes BF;
Clu, ! Clu,
L KOC(CH),CHCHy /CuCl G Rus
0 n-Hexane, then CH,CI, o

\r 98-02% \‘/

20  Next step requires the replacement of the good chelating 2-isopropoxybenzyiidene
fragment in 3.1 with the less chelating 5-nitro-2-isopropoxybenzylidene ligand §. The
synthesis of 5 is known i. e. from WO 2004-035596.
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Conmpound 4 was isolated and was fully characterized
by Bl echert. Formation of the desired conplex was

woaobi/esesd by stirring of 4 at room tenper at UrFT/EP2006/068156

CHCI 3 for two hours. The fi nglz4product 3 was
separated fromthe |iberated phosphi ne and
deconposition products- by flash chromat ography using
CH2Cl 2 as the eluent. 5 In the present invention a

| ess pol ar solvent, e.g. n-hexane and isoners

t hereof, n- pentane, petrol eum ether, cycl ohexane,

A RPbd& %ﬁperbﬁéﬁ §ﬁ‘§m§ﬁﬂafﬁhé@%&§oﬂ&?t§§&?ho@ﬂg ll@am&ds to ruthenium
sol ubl e base: potassiumtert-p anol at e and

HofBMas sEdngesten %F%gémﬂﬁ?ﬁoéﬁ%)@ﬁ’ﬁﬁ%t'@}”%? ghifetals equilibrium
annsbeschf @fyreﬂd@ %@Qb ibel U AndBfer sRbRET RIAt@StoahiERIP is fast homo-

ive in cavenger. These nodifications
(#"ﬁer\ﬁﬁ‘%'%"f %gﬁleeggct %hﬁﬁt'i@”%?ose to heterogeneous
conditions allows to devel op a high-yieldi one- pot
process. In addition, the unexpect obser'(ahn t hat

the rut heni um coqnt ai ning, highly,_col o§ eg rgaction
by- pr oduct s argféfggPle in nethanoh oV

o purify
the crude r xture by 15si(
crystallization withSut need to use t&di ows
chr omat ogr aphi c5separation. As a result conplex 3.1
can be straightforwardly obtained in a nmulti gram

scale in a high yield (98- 92/?
Stilbene 7 cannot react further with catalysts of formula 3 or 3.1 to generate 6 or 6. 1

therefore its formation inhibits the reaction and decreases yield of the final product.
Separation of the crystalline stilbene by-product 7 is also difficult from the practical point of

view,

After detailed optimization it was found that the corresponding 1-isopropoxy-4-nitro-2-
[prop-1-en-1-yllbenzene 5 (R = CH;) undergoes much slower dimerization, while it stili can
be used for the exchange reaction. The 10-fold excess of 5 (R = CH,) 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 reprodljcible 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 conditicns
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

-10-
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20 20Next step requires the replacenent of the good
chel ati ng 2-i sopropoxybenzylidene fragnent in 3.1
with the | ess chelating

wOoRonT/AsAG32- | sopr opoxybenzyl i dene |igand 5. TheCT/EP20066/068156

synthesis of 5 is known i. e11/44 om WD 2004- 035596.

WD 2007/ 054483PCT/ EP2006/ 068156 10/ 24 A node

experi ment showed that the 2-isopropoxybenzylidene

i gand bonds to rutheniumca. 7 tinmes stronger then

5-ni tro-2-isopropoxybenzylidene. In order to shift
hyResaggns (heaswi'%@da'ﬁorasz@e’%%reafﬁ nPeYiappdetoleyfethel. pelohexane
Heseshe, M altf Mixie8: fHaketr gffetbRntifllySolgéep 1S fast

hono- 5di nerisation of styrene 5 to the stil bene 7.

Stil bene 7 cannot react further with catal ysts of
Theroiearedction ndxtlird htef @Religahe efchRhgd stbp, donsksfd iR hirS-Hoveyda

B il APy e Do LleaP B Ps ha Sergrele paafess (),
lartye labnenet dfyneaobd diard (53, stilbeoe (f)fahi samt riin@mypivelucts and tars. In
0?{9%&\8@'2 (?Jé) ﬁfﬁéhﬁ?\ﬁ) ogqh\écgtg(\éﬁbnritﬁjfg%g% irs]‘.d%ri]cgr! (l)fe pcrioé)LE:E é H‘IOFZH%FIiIS %gmplicated
nixiusoipe ppuivyt ig puiifleddy 2y gtpizaper frem iHe grudidmitendy Shd Rilowing

= g%ﬁ s _puch slower dinerization, while it
°SH ngw%@gﬁﬁggg for the exchange reaction. The
10-fold excess of 5 (R = CH3) gives best results

;1 i ' f - 900 _
oo BEiaI R REN Bl @ rehbe B Rl 18R S and gyt 3,
*3. Grys@lizagonsmpalat@ld tanedove stilbérel (refmsierd if semisbay).
-fxﬁg/ét%ni%tiom%nl H%%goﬁo'rémé’%sr%}r}%nﬁ}g tonk G308 hPeacted 3.
oWer conversions. For exanpl € I'n test exchange
reactions with 5 equivalents of 5 the isolated yield

Tﬂgsésstgz?s}/\gﬁ V\;’eﬁ%&%@f% ﬂ%tegt?s%aﬁf urﬁi?pm?t%;? %)f)g f‘lrﬁ]e%/! 'Blﬁﬁty Of at least 95% is

typi ca )V equi val'ents. Ir

obwgined. Epraposiionznfsamples afiar eachisnrallization stgocan beconveniently
ch&4@a %y ey MAAR Uth igtie MR s@ﬁé? 8Fe dDofv:cont rol | ed

and gi ves reproduci ble yields of nitro-Hoveyda 2nd
generation catalyst 6, being in a range of 55-70%

« Thexisdnecs, 21 (BRERIBL er for a saegassiul trans-
25formation is the tine of the exchange reaction,

*wHNiER-Hexgydasb. bid (EH=Bu¥ ange 105¢0mpWi n.
s 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 8 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 &, ruthenium complexes 3, 6 and some amount of siilbene 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
crystal_lization of the second fraction) can be successfully used in preparation of next

-11-
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Prol ongated heating |leads to formati on of |arger
guantities of 7. Under these conditions the
hono-di nerization of 5 is mnimzed and not exceeds

woBIyBhisthe starting anmount of 5 used. The r @€tI/EPR006/068156

1-i sopropoxy-4-nitro-2-[propt2izden- 1-yl | benzene Scan

be recovered after the reaction and recycl ed.

Sui tabl e solvents for this reaction are aliphatic and

aromatic WD 20071054483PCT/ EP20061068156 11/ 24
hexane and isoners thereof ent ane

h rb
rBPS PCURFEENER, Way e R N 28 16 T eRB BB “had Hore s no

e tolepSirdtd tHeaPiall PidingS GG rLiBbd-Modegtisl eaalystBork tHédRyand 5, as it
reaction mxture after the |igand exchange step,

- IR AL P StAstingrMRREA! fertp SXPBYR 8 al ysts (6), smal |

anounts of unreacted Hoveyda- G ubbs 2'd generation

ata . arge amount of unreacted |igand (5 .
S e T e A R L
pmdiemllytrm ctiven ibgl-pedduatsa Tbeg rraph balabecdfter geremdistep is more interesting.

BB AT0 o PRS0 8o E LRG3 bkt 6 (0%

uct S puri IZa |1 ON rom
of yieldeamd xt.Qud3%p of held) of $tdiwnag ;e qbbn‘ed lofaddition it is pOSS|bIe to

oGEARA GRL0G 24 o St bt ] S 98 FRUTioH of st
Hovgwiaa®iubbacoropiex B das @F@(ﬂl@ Wity &)én@\ﬁ@lmary Bising tHe above

d@é&ﬁ@@gr‘e‘&ahftioﬁ‘ BRERSHIY 90 obte% )ﬁ%r%l db &1‘#3 54 éf tﬂgNltro Hmaeyda 2m

to renpve remai ning stil bene

ggneratiprmeaidlys 8dBE% can tBAMRp e Bp! |yf8|dn@°é|@%el§ﬁ>["“t€mﬁpveyda 2nd

aBR &Gt caiyR il savpbrBUhbisyeRl at | east 95%is
obt ai ned. Conposition of sanples after each

crystallization step can be conveniently checked by

1H NVR. Characteristic NVR signals are as foll ow
tilbene 7, 21-1(CH= 7.49 ppm 20 Nitro-Hoveyda
EB—F%%P%BD QEFE{% l@?\% Hoveyda- Grubbs 3, 1H

(CH=Ru):16.56 ppm The filtrate after first
T b e T S8 B A St B b e cven o
thedm By amedofushitied theedlt ip ligistud tre: didclctbceaathe sbiitetnAs used in the
S;géc?ﬁrc%?ién, hewever, unless specified 1o the confrary, the foliowing 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 fhat ariy 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 "C,.s-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-methyipropyl, 2-methylpropyl or 1,1-dimethylethyl.

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

substituent, means acyclic, straight or branched chain alkeny! substituents containing from

-12-
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The undefi ned products of deconposition (tars) can be
easily separated by filtration through a short pad of
silica-gel. In a large scale preparation (10 g) i.e.
woaneisassy of dianmeter 12 cm and gel was | oadadg-@er8068k156

hi ght. The colum was el utediggsavitationally 30w th
5%to 20% v/v of ethyl acetate in c-hexane. The first
fraction contained pure ligand 5, then a m xture of

5, ruthenium conpl exes 3, 6 and sone anount of

stil bene 7 was collected. Fromthis fraction
REdP Fix GRECN FRMMAY Freqst prodediabsnst Fer ea@mpirestbenyl.ipjopenyl,

EkEng, H@k‘br@hﬁ%é’tﬁ%@ﬂhbhﬂ aﬁhﬁﬂ?yipﬁ?&%?leﬁ—%&ﬂllﬂwb%{‘gfjoﬁ 1-

e first fraction and filtrateés after

4m§£b|ned fromt
Y&irei¥at i on of the second fraction) can be
successfully used in preparation of next -11- WO

7/ 054483 /| EP2006/ 068156 12/ 24 bat ches_ of the
‘f’ﬁ? E%g'% (;FC@H'EFMS hRteigs ¢ifher 8Res OLl8 coRBingtiarswity another

spinsmaahedné:ans'ﬁbﬂﬂle $t&igh® ongrafcHee cﬁemak’:}a %Hsh@eﬁtﬁ%bhtam:ng up to

SR TBD Sh FalESod B RS E PR Sleafl b0 e oo o
brag; tchiom, fi6@enamicdp, prefnadly flowst. Brefapaly heeetsC N Sidloalky!

SRR SRR el 2l obliv an pgruoroetoy.

after second step is nore |nterest|ng Startlng from

Tﬂlg te@mglgllg —p %ﬂgzl"(aa% L%ggg}glfe]ﬁ Igﬁté% cﬁ%%% ?rbgok?%b lbam()g gw]}ﬁ g\{lother

SWS@FL@N oleags alqg@ln@lkmfanbsttumnacwédnmg frocktietei to sixicartion atoms and
t (52% of
irRReEs By GodrGhyi, ??98?&? gld BBQF &yégge%a/g (13% 0 of

staring anoun
starting tr, Hoveyda- G ubbs conplex 3 (as a mxture

THE tmIhryl" |8 1Bed HETER, ¥ithet SIS dr HECARRIVRioA SRR ah Efﬁ%r suggtltuent
n,Ere aration one is able to obtain in one batc

gy ethes aREgRRticsuRApPgYCls SYstg@ s R redliarrlsstysemegpataining

cﬂﬁ@n afothsNNR) exaFHE)ﬁa bRl Aclubeh Ghehyl bhe ndsHy rin stem wherein aryl
0- Hov, a 2nd generatlon catal yst is 55% a%

%S g?r?ﬁ%'ﬁ’ a:['@?i@@ﬁ SEITS FAa32BRiS MierYioNs Ter ns not

specifically defined herein should be given the

meani n t ha |ven to them by one of skil
TR RaRpden 7o (Rehforg aaia LodsSi bt elacted fom fuoro,
cldami lenotno okdodaesed in the 20speci fication, however,
unl ess specified to the contrary, the following terns
have the neaning indicated and the foll ow ng
conventions are adhered to. Unl ess otherw se
ESROet i | ow, conventional definitions of terns
control and conventional stable atom val ences are
presuned and achieved in all fornulas and groups. The
term"substituted" as @p hereln nmeans that any one
or nore hydroge §2L @t ed_at om i s
25r epl aced mnthE efti anwmﬁg |nd|catedﬁgroup,
provpdéd that the deS|gnated atom s

U=
o <o Cl,\l/
Y (CH3),CH»CH4 / CuCl o U=
' Y"@

1

3
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normal val ence is not exceeded, and that the
substitution results in a stable conpound. The term
"Cl.6-al kyl" as used herein, either alone or in
woooeisiseessi on Wit h anot her substituent, neans PAOYEH245/068156
strai ght or branched chain al424 substituents
containing from 30one to six carbon atons and
i ncl udes, for exanple, nethyl, ethyl, propyl, butyl,
hexyl 1- nethylethyl, 1-nethylpropyl, 2-nmethyl propyl
1, 1 di met hyl ethyl. The term "Cm al kenyl " as used
?@?ﬁ ei ther alone or in combination wth another

S Uﬂag\tdybmnbbsnﬂe effBh Hi(Boelfingal IBB&Ih@m) br anched
chaj n_al ken tltuents containing from-12- WO

*2 00 MDA A PéﬁﬁEﬁ@U@@P@@@hSG 13/ 24 one to six carbon

sat P&Esﬁﬁ}ﬂ téH- ar'n?l@fé 1<m sesau&h B thoask, FFL%) exanpl e
et henyl , propen utenyl, hexenyl’, 1-methylethenyl,
ﬂ_@EQWWI%FWB@HM%Mﬁ@ththyIpropenyl or 1,1-

di frepydianen¥iin calitend QEWedQndérhﬂ@k oal kyl " as used

herein, either alone or in conbination with anot her
*sublbyiRtAsetate (fehns acyclic, straight or branched

.chghgmmé% ubstituents containing up to six carbon
at ons hav ngﬁone or nore hydrogens substituted for a

*haleigencléed.ect ed from brono, chloro, fluoro or iodo,

oPr Preferably the term Cl_8- hal oal kyl
%@@é@ﬁ%§m¥%35€ fluoroal kyl such as trifluoromnethyl,

'2 , @elite {Hiikal) uor oet hyl or perfluoroethyl. 10 The term
"C3_8-cyc|oa|ky|" as used herein, either alone or in
conmbi nation with another substituent, neans a

cycl oal kyl substituent containing fromthree to six

Pracdiie it ons and i ncludes cycl opropyl, cycl obutyl
cycl opentyl or cycl ohexyl. 15The term"aryl" as used
herein, either alone or in conbination w th another
1qqh%bhhﬂﬁﬁt means either an aromatic nmonocyclic
stemor aromatjic nulticycli stens containin

L FRO Ao pEE- ”Ps'fede%&?ﬂrb@%@? fla MEP%E@%W'%%WS“W stirring
bar, ﬁ.amht botturhiaRg aH)sgEThietMTRE BRsk i@ CithrgB® ander @ARRIAR dtdhosphere

R B RIMES XEEG 242 € AL a7 Pl Yoo San (0 i A souton
obpdtestied tdri-anyibleu@n 6, mic BeMs5anmbl Gravided fromdosyribfAbRE e resulting
n’]-ith%'-IE-EEIE stllrred under argon at rcom 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 fop 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.

1.1l. Isolation of the product by crystallization

The reaction mixture is evaporated o 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 mixiure of

CH.Cl; and methanol (220 mL}. After concenfration to ca. % of the initial volume using a
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WO 2007/ 054483PCT/ EP2006/ 068156 14/ 24 Materi al s:
Hoveyda- Grubbs 1st generation 1 (Boehringer
Ingel heim) SIMES x HBF4 2 (freshly prepared)

wOoPoosgisam tert-anylate (1.7 M sol ution in t GdQIEEEp06/068156

Fl uka) 5 Copper (1) chloridet52 drich) n- Hexane
(dried with CaH2and distilled under Ar) Et hyl e
Acetate (p.a.) c- Hexane (p.a.)

Met hanol (p.a.) 10 Dichl oronet hane (p. a. ) Celite
FI uka) Procedure 1 15 1.1. Preparation
DfoeVﬁeoraEﬂﬁ doRBdRERSABRHAY e @M@mplﬁa&% Thgseéauﬁtab@ae filtered-

offi drhe Bucﬂ‘iﬁl@ﬂﬁhh& vﬁﬂ*nldlédsﬂﬂ IRe cryétuigtaeé wga@dumcawﬂthssrmau portions

sk is ar der
REEapHErEr. A ared n vl fdve bt a4l S4imts (253
rrBolI%) 8 tag) o Tiel mtrﬂemémstémm:oms) evaeo@aaldub ideymegd aihd crystallized

RS ki o Gk &g Bl Phis A g Pae piotado gy &
additienal aropari pate Hoeyt4 2N genattisrecdtalyst 11.1 . mmd, 1.08 g). The total yield

BT RACCHR O e R P 8085 olihandg 91,

one portion. The flask is equipped with a reflux
condenser wth an argon inlet at the top and the
reaction mxture is refluxed for 2 h. The contents of
EPAMRUEsKTEP 8 cool ed to room

Materials:

“Ligand” 1-isopropoxy-4-nitro-2-[prop1-en-1-yljbenzene 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 i

2.1. The ligand exchange
A dry one-necked round-boftomed 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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25 tenperature and solid Cud (51.45 mol, 5.1 g) is

added slowy in three portions and the resulting

m xture is refluxed for 2 h. Fromthis point forth,
woedob7/emagszpul ati ons are carried out in air. 1.8d/EP2006/068156

| sol ati on of the product by @gastallization 30The

reaction mxture is evaporated to dryness and

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

is filtrated through a Buchner funnel with glass frit

filled with Celite and then concentrated i n vacuo.
iISPRECRQXY iR -P4Prapd s LrlbangenaiiP 8t Mok §B.57 1) 20d gmtoluene (450

X T ER é@)futlmﬂe%sﬁ@@‘lr@t rhﬁﬁBP"i 9682f) isddded 'ﬁ'f &r® portion at 80 °C and

concentration_ to ca. of the initial volunme usin

%Hrrew Yb 3710038 HEB BT Eufzfen%ﬂ' bE&nslgsis 531hc8 gebsResy TLC plates
RCERO eleE: 2070gibt ﬁﬁﬂ%&éﬁat& if)c- I@&Mﬁé}a{cﬁca@ésﬁhe formatlon of a new

e%%p?mp% ofthf stk e G2k Prrares Sreeor i of dovares-runbs 273
anamcitmy@tes stioul yved B ap@irding RSTIOE a@‘&@ﬂs(oo%@rdébﬂon is stopped.
'I%Q'(C?g{egF %%I]_ﬂ X (%%gooté%)d |ﬁ| Vebcjﬂﬁ ﬁqe rl;ogb{n\étg%\g?réa ure. a%ﬁi!%%i%t forth, all
neanystiatiohs 2@t datied @it @vaipor at ed t o dryness and

crystallized 5 for the second tine from CH2C12 and

nmet hanol using the sane protocol giving an additional
2dt. dgolatiorpof the Hoodyat by ndstghizatian i on catal yst (1.7

Twéacér%% E@%tllg% FI]S %_ Zlé? a%c?w%%u? 'hgit&fg g%ﬁygew \fﬁg ge%g%g Q?éous oitis
dwgolga@mpqglg EtOSTHEROQ mLWH’ﬁersp{ymgn 13]15én_q:cgm¢dh a freezer (-30°C ) for 45
i | ARPRAPARY b dlid Id St Rnliofigat Cagf%rf/é gﬂfﬁné Wilf fass it

m xt ure

The élﬁra&m(ﬂtgf & i @d@p(‘@r gqgene@aoweugams (ssrech iy Thaaeld collected
oﬁ\"a)f It&f, @Ming %Qﬁ&f&?eeof(éﬁlb%né aN&N‘cﬁﬁ@h gérﬁbréﬁ&n cataiyst is ‘heg 8ISSOIVBd in

20D chl oronet hane (p.a.) c-Hexane (p.a) Sillicage
reﬁ&igl@g &j—@ChéSQrpo ’We)rtlf‘ﬁ'ba 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 filirate 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 rdtary evaporator urntii 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.J1.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 1) after crystallization of the crude reaction mixture from ethyl acetate
(see bellow).
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Procedure Il 25 2.1. The |igand exchange A dry
one- necked round-bottoned 1L flask is equipped with a
magnetic stirring bar, rubber septum and argon inlet.

WODee7/fshesk i s charged under argon with the | irgamEP2606/068156

(1- WO 2007/ 054483PCT/ EP2006/23#68156 16/ 24

i sopropoxy-4 nitro-2-[prop-1l-en-1-yl]benzene) (0.314
nmol, 69.57g) and dry toluene (450 nL). To the
solution catalyst 3(31.28 mmol, 19.60 g) is added in
one portion at 80C and stirred at 80 C for 20 mn.
After this time TLC analysis [Silica gel G254 TLC

aanakeger(ewidrkc)fthelngana TordUPher kecytligj hyl acetate in

@BE@ ai?fﬁ!#ﬁ%tféﬁeﬁér ér&fﬁ%‘ 72T t8!f BF C?L];ﬁ’@afs? ign g'gxtgrﬁgram ethyl

aspmeas @fra;tckmey tadighedshsdrpads&l tamiilghllatﬁﬁrt pail af liiida Bl. Two

ﬂ%g Qs a(S% OPtSmSa tﬁsgﬁq %arcﬁ% é&%@éﬁ(ﬂﬂﬁ aping %eég%%:oge}tion a yellow oil
(22:_6)5 ghandihe sesdrdtdmet(BRACDION Bhgiengtgresn dir(286 tgmiT$1e second
fr%lgfricm iﬁéglfe%%d lﬁy tlhg%glgﬁp%ffaeweﬁ{@ha%égd ?r?lrnkg/g& t%lﬂ)rown The second
fracljantialcbiceatrated i Hynessdo vacup zmdxctlaaoyedsn Silgpip Them thethanol (in a

v‘éfuf-r%l Hlteeq g dﬂ&at%lgtrm%ﬁ %’%ﬁiﬁm’ee %’FQDHQ%E%E%QQ&!H eu4Ste rggu!ted

ssol ve e SO uti1 on
hemegenrsayE edlution Bhe saletingris gorgowryted gsslng,g reary., evmmretor untll green

g@ia?’s [Sﬂe itdtb¢ ébgtdilmc‘éﬁaig%b@ B the ﬁlﬁell tJ{)I@fﬂ%Qﬁ EhiY %\/ﬁporated)

ch ner unne W th trate (FILTRATE
Thesq gyals@re éqlleﬁf@g@ﬁ@r%uqhaﬁr f@ﬂnerl “@aﬂ@ss fift ggg then wephed once

with & sl fbrifol I Bt olle20 nit)f bbbk cpﬁ,fa'@ar@ réHXE S iR frefluxed
and Nitro 2nd ener at| on cataly iS

Cgfzgggﬁ{} zlanpﬁel?eé)pp gQPuH@ dh(ﬁE])OCﬁ(ﬂHF? pf cgystglhzatlon (2.L.C
2. 65 ePUStes & gt@ e thifd tﬁr@b m_seme Ni iﬂ@—ﬁatbh@t (e @Eahrﬁ@tdz 58 g).
F%%bub‘l on is €00 Eﬂ g a fregzer é{ t%l

BIr]e,§7aPS PitRe Nt iReYsYEa 6f gepgefian 2 V%&%P‘%%‘i"%%d (19.87
mfhe S3.85 g)sdrﬂl ssibfpcrdfth fita Ipaib:pﬁﬁafloroiﬁorﬁ cBﬁcBnmzaoHumn@ bbtained

Wi t it d washe col d th etate
eIy S SRR PRI St g R ig or P Bee B9% &e%to nmaRy
Nittd-Hbveayed 2/ afeneration 6Balysirie 50%Un0eb mnidietF08 g ate i s

evaporated to dryness and then it is re-dissolved as

before in a mniml anount of CH2C 2until honbgeneous
Thefitst frastion FRRIAC AL aftFosilidai gel Slirhticni o fittesttdwaatter ciystallization of
' [ ter
RSeEb Poiol A LR, e et Rl byl ot Bl eftons o
thecadalystevaporat or until crystals precipitated

(approximately half of the initial volunme of solvent

nmust be evaporated). The solution is 25decanted to

the round bottom flask and the crystals are coll ected

on a Buchner funnel wth
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glass frit. The crystals are washed once with smal |
portion of nethanol (-30 nl), and next with the
m ni mal small anmount of ethyl acetate (-20 nL) and
dried in vacuumto give the first crop of pure
~ catalyst 6(11.98 mmol, 8.05 @24 The filtrate and the
met hanol solution from decantation are conbi ned and
evaporated to dryness. The residue is dissolved in
30refl uxed CH2C 2unti| honbgeneous solution is
obt ai ned and the above described crystallizations
AW ESGLAM 1l . Ato 2.11.C) is repeated to give the
second crop of pure catalyst 6 (4.04 mol, 2.72 g).
The third crop of Hoveyda catal yst is obtained from
1t he Aiprogeas éor (FeruTRATERG § carfipamdof fpsmalal§ zat i on of
the crude reaction mxture,fromethyl acetate (see
bel l ow). WD 2007/05448 CT/ EP2006/ 068156 17/24

2.111. Regeneration of t and for further
recycling The filtrate éT I) after
crystallization of the e on m xture from

ethyl acetate is evaporated to dry ss and passed

t hrough a short pad of silica gel. 5fractions are
obt ajhsdin the first fraction (FRACTION I) giving
after evaporation a yellow oil (22.15 g) and the
secopd ong A(RRRCTION 11) giving a green oil (28.6 ).
The éﬁcond frdétl O'RY' TE col | eﬁﬁf qtll t he col our of
el ueft 'Thanged“rrailyFeedEMit @Y The second
fraceilon i s coeedigandtoftbrinoladtay fk,ske érydvacuo and

di ssolved in CH2A 2. Then nmethanol (in a volune three
tinmes greateg, than the volume of GH2C2used) is added
to the r suRtedloho e ous solu n The squL?
i's conqe tr d usi orary onat@r until!
cryst S pr c pitat d (\ﬂpprom mat el ¥ hal f of the\/
initial volunme of solvent is evapor_?t ed). These
crystals &me coll ected?bn a Buchner %unnel with Hl ass
frit and then washed once with a small portion of

nmet hanol ( 20 nL). Cbtained crystals are re-dissol ved

inr f C{'%rg‘e%léﬂtlﬁdepgﬁt‘i@ﬂ?m?@%@-aﬁ?ﬂ gl l-aikehy or phena/l wherein

obta| ne rocedure of I.zation
15t0 2.11. D) |f§erPéIs@)§Jt'%aPtt°<5‘a@l v@SFtHEedt"HFhr‘bU Té’rtb%e&mps
the N t ro Eat Elh%iépﬁer(d%nﬁﬁsaélmztéd fr8m5§.5@%kyl  B-0a)-bikyltdnhealegen;
cro e N tro- a |
ar ep o?ﬂﬂ ed (elrgeg;: e"q ép ?)1 %ﬁl ? @8%%%'3)%“ wherein
final precinpi ttaelmenylnsnptﬁlﬁﬁ@ Sbstitaie. wﬁﬁup tmtihlalerge@ups
t al T
i o of the AUgaHEbAF BRIt B CRRY or palgaen: o

gendRarndoR’’ c attapether wih 68262 atgmmtmwhlctg ﬂﬁy@rg pitaghgd are

The first fracly né&%}hg\éamoc?én&%ﬁo%l théifBer@8 ring;
fllt\vgﬁéqn an 'a daales after crystallization of "the
secon racti on CTION I1) can be conbi ned and

recytl ed i§ ﬁnﬁéﬁﬁerﬁf@béﬁ@?’la@ﬁs of the catalyst. 18/24
WHAT VE GAl Mpas the meaning of halogen, NO,, Cq-alkyl, Cy-haloalkyl, COOR?,

S0.,-R?, PO(R?),, O-Cy.¢-alkyl or aryl, while aryl may optionally be
substituted by a group selected from among halogen, Css-alkyl and
O-C,¢-alkyl; or in the event that n is 1, also CO-R?%;
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wherein is P(R11)3; R11 isCl_6-al kyl, C3.8-cycl oal kyl
or aryl; or Lis aligand of fornmula 7a, 7b, 7c or 7d;
ROYR19 ,R7 )-(Pl4 R-NR-NN' N-ROR-N N-R8 7b7c7d 7a R7
and R8are each independently H, Cl.6-alkyl,
C2_6-al kenyl or phenyl, whergipsthe phenyl is
optionally substituted with up to three groups
i ndependently sel ected from Cl. 6-al kyl, 0-Cl1_ral kyl
or hal ogen; R9 and Rlare each independently
H, C2_6- al kenyl or phenyl, wherein the phenyl is
opt i onal | i* subddnidtes @ck-alkyl CiphalealivhrGe-aycioallsy or aryl, optionally
i ndependently sel e - alkyl - 1.6 [~
or hal ogen; ors‘%ﬁﬁ@&eé’%% g'[ggéJ #gr%c%dlt? ﬁm} %@Oéilr;b%ﬁbm’ Crealkyl
atons to whi chOtdgyalied, NG, T Fd, QCE; ardPHshgatkytcartiooyim
a carbocyclic 3 to 8 nenbered ring; Y and Yare
hal ogen is an integer from1l to 3 and
via exchange with a ligand of formula 5§

wherein R is CH; and R and n has the above given meaning, with compound of

formula 3.
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Rlhas the neani ng of hal ogen NO2, Cl1_6-al kyl,
Cl_6-hal oal kyl, COORa, S02-R3, PO(R3)21 0-Cl. 6- al kyl
or aryl, while aryl may optionally be substituted by
a group selected from anong hal ogen, Cl.6-al kyl and
0-Cl_6-al kyl; or in the evenfgyshat n is 1, also

CO R2; 18a/24 Radenotes Cl5-al kyl, C1.8-hal oal kyl,
C3. 6-cycl oal kyl or aryl, optionally substituted by a
group selected fromanong F, C, Br, |, Cl.6-alkyl,
0--Cl.6-al kyl, NO2, CN, CF3, OCF3 or

OCl nge with a ligand of
for rrul r@ég%{hﬁ%@@&&c[aﬁﬂ ?m@élﬁ.ﬁ?% and Rl and n has
t he Bbisve gi v, Keamkybor &k h conpound of fornula 3.

3. Xand¥@- 19624cRhadgBrocess according to claim1l
wher ei n

A process according to claims 1-2 wherein.

Lis PCy; or a ligand of formula 7a, 7h, 7c or 7d;
Cyis cyclohexyl;
Xand X are each chlorine.

A process according to claims 1-3 wherein
Lis a ligand of formula 7a, 7b, 7c or 7d; and
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R2 isH, -Cl_6-alkyl or aryl; X and X are each

hal ogen. 3. A process according to clains 1-2 wherein
L isPCy3 or a ligand of forrmula 7a, 7b, 7c or 7d; Cy
i scycl ohexyl; X and X are each chlorine. 4. A process
according to clains 1-3 wherz/z L isa |igand of
formula 7a, 7b, 7c or 7d; and 20/24 R7 and R8are
2-met hyl phenyl, 2, 6-di nethyl phenyl or 2, 4,
6-trinmet hyl phenyl. 5. A process for manufacturing a
conpound of fornmula 6.1 Mes-N N-Mes Cit" Ru- ff( 6.1

wher gt B MRS | Sp@ ﬂﬁl@’kﬁylﬂheﬂﬁ[?ﬂ,%-dihﬁat%hbﬂ%gﬂﬁf 4 fo-wimethyiphenyl.
to 3 an has the meani ng” of hal ogen, ,

Cl. 6-al kyl, C1.6-hal oal kyl, COORa, S02- Ra, PQ(Ra)2,
0-Cl_6-al kyl or aryl, while aryl may optionally be

Subsji selarpsmdlor pimmaEmely hal ogen,
5'C1_6}-A£?<Eéﬁe)ggogﬁ1%-u%cﬁg&§l kyl ;Ec,)r in the event that nis

1, also CO R2; I\
Mes—NvN—Mes

wherein Mes is a mesityl group,
n is an integer from 1 to 3 and
R’ has the meaning of halogen, NO,, Cy¢-alkyl, C;.s-haloalkyl, COOR?®, SO.-
R?, PO(Ra)'z, 0-Cq¢-alkyl or aryl, While aryl may optionally be substituted by
a group selected from among halogen, C1s-alkyl and O-C,g-alkyl;or
in the event that n is 1, also CO-R%;
R® | denotes C,.g-alkyl, C,s-haloalkyl, Cs¢-cycloalkyl or aryl, optionally
substituted by a group selected from among F, C, Br, |, C¢-alkyl,
O-C,g-alkyl, NO,, CN, CF;, OCF; or O-Css-alkylcarbonyl;

via exchange with a ligand of formula 5
;@
R,
5

~

wherein R is CH; and R' and n has the above given meaning, with compound of

formula 3.1.

3.1.
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Radenot es Cl143-al kyl , C3_6-cycl oal kyl or aryl,
optionally substituted by a group sel ected from anong
F, d, Br, I, Cl 6-alkyl, 0-Cl_6-alkyl, NO2, CN, CF3,
OCF3 or 0-Cl_6-al kyl carbonyl; via exchange with a
ligand of formula 5 (Rn 52wherein Ris CH3 and RL
and n has the above given neaning, wth conpound of
formula 3.1. 21/24 6. A process according to clains
1to 5 wherein the tenperature during the exchange
reaction is below 120C. 7. A process according to
clains Ito 6, wherein the ligand of fornmula 5 is used
in over 3-fold excess conpared to the catalyst 3 or
3.1. 8. A process according to clains 1 to 7, wherein
6t he pAmozhgss ateordibg &b eleithst hiodu gtherein theuemperagdre during the
crystalkli [ A o0l | owi ng sol vents: EtOAc,
wé%hé@ﬁg?@ntglbgw@ %’rocess according to clains
1 to 8 wherein the excess of ligand 5 is recycled
after the reaction. 10. A process according to clains
Ito 9 wherein island Rlhas the neani ng of hal ogen,
7.NO2, A GOcRss a@Ogitey iagainmyl o) wresin g livadeé abloasula 5 is used in

Cl- /s, z konal |y
subﬁ@étfglﬁge%%rﬁﬁ%gtgéf eceii)g)fS 1?r%iran'p:r'éitlr'ong F, d, Br,
I, Cl.6-alkyl, O-Cl ralkyl, NO2, CN, CF3, OCF3 or

0- Cl. 6-al kyl carbonyl . 11. A process according to

clainms Ito 10 wherein
8. A process according to claims 1 to 7, wherein the product is obtained through a

sequence of crystallizatibns from the following solvents: EtOAc, CH.Cl; and

methanol.

9. A process according to claims 1 to 8 wherein the excess of ligand 5 is recycled

after the reaction.

10. A process according to claims 1 to 9 wherein

n is 1 and
R’ has the meaning of halogen, NO,, CO-R?, COOR?, SO,-R?, PO{R*), and

R® denotes C,s-alkyl, Css-cycloalkyl or aryl, optionally substituted by a
group selected from among F, Cl, Br, |, Cis-alkyl, O-Cig-alkyl, NO.,
CN, CF;, OCF; or O-Cq¢-alkylcarbonyl.

11. A process according to claims 1 to 10 wherein
n is 1 and

R’ has the meaning of NO,.
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i sl and Rlhas the nmeaning of NO2. 22J24 12. A process
according to clains 1 to 10 wherein island Rlhas the
nmeani ng of CO- Ra, COORa, S02-Ra, PQ(Ra)2 and
Radenot es Cl-al kyl, C3_6-cycloal kyl or aryl,
optionally substituted by a zzrmwup sel ected from anong
F, O, Cl_6-alkyl, 0-Cl.6-alkyl or CF3. 13. A process
accor di ng to one of the claims 5 to 12, wherein the
conmpound of formula 3.1 is nade froma conpound of
formula 1 PCy3 a ""142u-Cl1""- ; -10 via exchange of
12 he Aoy@ets genording tcholaips- NG Newh@eing i n t he presence
bas j% a phosphi ne scavenger in a suitable
soI vent R process according to claim113 wherein
{he Base has thomessingr? CO-R HeRORGTRLE" GO[B: @i um
tert-hexanoate. 15. A process according to clainms 13

or 14 wherein the phosphi ne scavenger is Cud.
R® denotes C,g-alkyl, Css-cycloalkyl or aryl, optlonaliy substituted by a

group selected from among F, Cl, Cy¢-alkyl, O-Cy4-alkyl or CFs.

13. A process according to one of the claims 5 to 12, wherein the compound of

formula 3.1 is made from a compound of formula 1

via exchange of the PCy; Ligand with
+ -
Mes—N_ _ N—Mes BF,

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

14, A process according to claim 13 wherein the base is potassium tert-pentanolate or

potassiumn tert-hexanoate.

15. A process according to claims 13 or 14 wherein the phosphine scavenger is CuCl.

22



23/ 24 16. A process according to clains 13 to 15
wherein the solvent is selected from n-hexane and

i soners thereof, n-pentane, petrol eum et her,

cycl ohexane, tol uene, benzene and m xtures thereof,
preferably n-hexane 17. A prmgass according to clains
13 to 16 wherein the crude reaction product is
purified by crystallisation from nethanol.

16. A process according to claims 13 to 15 wherein the solvent is selected from n-

hexane and isomers thereof, n-pentane, petroleum ether, cyclohexane, toluene,

benzene and mixtures thereof, preferably n-hexane

17. A process according to claims 13 to 16 wherein the crude reaction product is

purified by crystallisation from methanol.
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