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WD 2007/ 054483PCT/ EP2006/ 068156 1/ 23 PREPARATI ON OF
CATALYSTS The present invention discloses a novel
synthesis nethod for a catalyst of fornula 6, wherein

Wo,l\gﬁf"édég"%the meaning of nesityl. wherein n %é{lﬁ?%oogosslsﬁ

froml to 3, Rl is a substituent an

neutral |igand; BACKGROUND | NFORVATI ON Great progress
has been nade in the last fe ars in the
application of olefin metathesis in organic
synthesis. Sone r.uthenium carbene conpl exes acting as
(pre)catal ysts havprgpaRafONOELORQYsTWhi ch possess
a high activity invarirous netatnesi s reactions as
wel |l as a broad tolerance for a nunber of functional -
THE Qrdsent Wbﬁt:d%PH?blB@és' Dhoddl FhRESS Rdth&d foh % EfalPst of formula 6,
basis for the usability of such (pre)catalysts in
wWorsahMes g%?‘ﬁé%?aé"“gl\ﬂw@@%f for the practical
application, especially inindustrial scale, it is
very desirable 20 that these rutheniun1conplexes are
stable for a | onger perlod of tinme in the conditions
of thermal |oad and tha?‘i can be stored, purified
and applied mnthoutvthe at o ere of protective
gases. Rut heni um conpl e @ e above nenti oned
characteristics are kno in literature. 25 See J.

Am Chem Soc. 2000, 122, 8168-817% or Tetrahedron
Lett. 2000, 41, 9973-9976. However, it has been

di scovered that a better, stability is connected with

WHETRBVIE B AMISGRTTOM a FT'15 2 Sesivelt N b ArrUENEENC:

found for exanple for the (pre)catal yst of the
formula ‘A (see Angew. Chemie Int. Ed. 2002, 114,
832). 2/ 2 3 Mes-N N Mes

BACKGROUND INFORMATION

Great progress has been made in the last few yeafs in the application of olefin metafhesis |
in organic synthesis. Some ruthénium carbene complexes acfing as (pre)catalysts have
been developed, which possess a high activity in various metatheéis 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, itis 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
acfivity. 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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' The instant invention now provides a method to prepare different catalysts starting from A

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 B and C contain an
I SO- propoxy group chelating2 ?% metal atom The

- reason for a higher 5 act|V|{ of the systens B and C
is a steric hindrance caused by the presence of a
phenyl or a (substituted) naphthyl group in .
ortho-position to the iso-propoxy group (Angew.
Chemie Int. Ed. 2002, %%1_ %A§34 Angew. Che
Int. Ed. 2002, 114, 2 WO 2004- 035R96N  N—Mes
discloges i.e. a ruthenmunkcarbene conpl ex of fofmula
D ams-N{ sNpWMesct i cal use cps'catalysts for dlfﬂéﬁ@ﬂ
types_ofr net at hesi s reactipgns 0_Mes-N N- Mesci€l: h'
Ru Nﬁﬁﬁﬁ I n general onérganysdy Yhe progresspl-
sci eride 'shgmg, t hat hi gher aet y for catalytical
acti Stens according t® cprgounds A-Dis cory
wth | qwer stability of the _
i sopropxybenzyl i den-rut heni um bond(s). 15 K Gela et
al., Angaw. Chem Int. Ed., B002, Vol. 41, pp. C
4038- 4040 di scl oses a process for manufacturing -
conpounds of fornula 6 via an exchange reaction

NeRE P Ral R R lesS 3L ford ske@Bbe, wioh dgmonstate  hiher

catabytib |annwﬂyan camparisen with the)mr@)ggaiyg‘li of ghepfogpula-Aenfjie catalysts A, B
and &' es %_nﬁ% Jyz%oa—;?&élélﬁmbgﬁ@ miefY 81t Ahe ?8¥on for a higher

pr ovi prepar e ferent catalysts

 activinof thesysteors BAaod § is Resterishingranagrauged py e presence of a phenyl

or g'ﬁf‘ub%tdu% EQMKM ?@&L@Wh 'oﬁﬁﬁ%oélhé}ﬁﬁdh@ FRSRBboNyYréudiAngew.
Chemjie iysrkesh 826% éﬁéy?%%?’f’e ﬁ"ﬁ@‘é{ngéem'ﬁdgts B9s299% 414-22P%Re11)- WO

2004 0B5596/ditodeb € e atlitRaiurmcatbent cainplexef foomtulasd and its practical

usg ag {aﬁla{%far rg#ereggtgepeg“sp% W%g{rt]]% g Y& g:lt{gﬁ?{ Sfan g h e[$at i ng

SUMVARY
Mes-—-N N-- Mes

CI Hag, R

GE’ U_:

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

via the replacement of the one-2-isopropoxybenzylidene ligand present in A by differently

2
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According to a first aspect, there is provided a
process for manufacturing a conpound of fornula 6
10wherein is P(R11)3; Rl11l isC3 _8-cycloal kyl or aryl;
or Lis aligand of formula 7a, 7b, 7c or 7d; R 7
Pir-( RNN-R8 74:1 are each independently H,

Ci cal kYl, C2.6-al kenyl or pBedgB, wherein the phenyl
is optionally substituted with up to three groups

i ndependently selected from Ci _cal kyl, 0-Cl4-al kyl or
hal ogen; are each independently H, Cl-alkyl,

suggﬁqféésg%mngﬁpéaé \Wmﬁr Eﬁ&?éﬁﬁw%\g&%t dfffnity to the ruthenium

atoh) q‘ﬁemﬁm.b ssﬁ@dmtytmndabmm@@dawmorefogeﬁﬂgg éP‘k%PFu’fe" 2
or hal oge together wth the carbon atons to

'SOR'HPWFR@S/H lgaﬁ?'?ached are canbined to forma
carbocyclic 3 to 8 nenbered ring; are hal ogen

suMMmARY eger from1l to 3 and Rlhas t he neani ng of

25ni s

hal ogen, NO2, Cl 6- hal oal kyl, COORa, S02-12a, PO(R8)2,
0- Cl. 6- al kyl - aryI while aryl nmay opti nallé/be dof
- According to a first aspect there is prowded a process or manufacturing a compound or
formula 6
-t
Chon.
c i‘rl?u.
o 1
\( =R,
' 6
wherein
L is P(R")a; |
R"is C.s-alkyl, Csg-cycioalkyl or aryl;
ol is a figand of formula 7a, 7b, 7c or 7d;
9 10 RQ R1D Y Y' Rﬂl
Ny = 4 , ;N:‘-< .
R—N_N-R RN, N-R’ R=N__ N-R =N_N-
7a 7b 7c 7d
R’and R®  are each independently H, Ci-alkyl, Cas-alkenyt or phenyl, wherein
the phenyl is optionally substituted with up to three groups
lndependenﬂy selected from Cis-alkyl, O-C1_5-alkyl or halogen;
R°and R®  are each independently H, Cis-alkyl, C2s-alkenyl or phenyl, wherein
' the phenyl is optionally substituted with up_to three groups
independently selected from Cqs-alkyl, O-Cy.s-alkyl or halogen; or
ROand R  together with the carbon atoms to which they are attached‘ are
combined to form a carbocyclic 3 to 8 membered ring;
Yand Y are halogen
n is an integer from 1 to 3 and

R'  has the meaning of halogen, NO,, Cse-alkyl, Cyg-haloalkyl, COOR?,
S0,-R?, PO(R?),, O-Ci5-alkyl or aryl, while aryl may optionally be

-2a-
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2b/ 23 substituted by a group sel ected from anong

hal ogen, 01.6-al kyl and 0-Cl _ral kyl; or in the event
that nis 1, also CO Ra; Radenotes Cl_8-al kyl, 7
Cl_6-hal oal l cyl, C3_6-cycloal kyl or aryl, optionally
substituted by a group selected fromanong F, C, Br,
|, Cl_6-alkyl, O-Cl.6-alkyl, , CN, CF3, OCF3 or

0- C1_6-al kyl carbonyl ; via exchange with a Iigand of
formula 5 ff(On 5 10wherein Ris 01 6-al kyl -or H and
R1 and n has the above given neaning, wth conmpound
of formula, 3. ] f
there is %Pﬁf{}'i“&%’ya? ﬁ%@éés:ié&?%?&r?ganuf gitégarglé ﬁgeg‘i alkyt and
conpound Q.%nf-afkgl bringh&edertiaiads N alge GORCl cre” ;
(R1)" 6.1 wherein Mes is a nesityl group,

R denotes C;g-alkyl, C,.s-haloalkyl, Csecycloalkyl or aryl, optionally
substituted. by a group-selected from among F, Cl, Br, I, Ci¢-alkyl,
O-Cy¢-alkyl, NO;,.CN, CF3, OCF; or 0-C,s-alkylcarbonyl;

via exchange with a ligand of formula 5

R B
®",

T,

wherein Ris Cyg-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

Mes— N\./Nv-Mes

'Cl»‘: :
2 Ru=
o

0

1
T (R)ne.f |

wherein Mes is a mesityl group,

n  isaninteger from 1 to 3 and _

R has the meaning of halogen, NO,, Cis-alkyl, Cyg-haloalkyl, COOR?, SO
R?, PO(R%)., O—Cm—alkyl or aryl, while aryl may optionally be substituted by-
a group selected from among halogen, Cis-alkyl and O-Cy.s-alkyl;or
in the event that n is 1, also CO-R?, ' '

-2b-



nis an integer from1l to 3 and Rlhas the neani ng of
hal ogen, NO2, C1_6- hal oal kyl , COORa, SO2- 20Ra,
PQ(Ra) 2, 0-Cl_6-alkyl or aryl, while aryl may
optionally be substituted by a group selected from |
anong hal ogen, O01.6-al kyl and 0-01.6-al kytor in the
event that nis 1, also COF% gc/ 23 R2denot es

Cl-al kyl , C3_6-cycl oal kyl ?{/% optionally
substituted by a group selected fromanong F, d, Br,
I, Cl1_6- aIkyI 0-Cl_6-al kyl, NO2, CN, CF3, OCF3 or

0 Gl ol Cat oo S SRR b0 gl ptonaly
Zbovediginve?onegjug,ﬂgneo\mymgmmsele?éd dromf ammg B @G, Br, |, Cis-alkyl,
p(r:ggcress gs defpn‘g ajﬁ’gj\gi mgggrﬁq or% gl or(n*l;

formula 3.1 is nade froma corrpound of forrrula 1 PCy3

5 CINES \kmeﬁégngsﬂnt ?3!981‘1 o?%gr%ulas the PCy3 Ligand wth

3.1.

10

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

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

..E’Cys
Clu, &
SR R
e i

o}

20

in the presence of a ba§e and a phosphine scavengerin a suitable_solvent.
’ -2¢-
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3/ 23 DESCRI PTI ON OF THE | NVENTI ON The i nst ant
invention relates to a process for manufacturing a
compound of forrmula 6 ci ff 5 wherein Lis a neutral
ligand, nis an integer from1l to 3 and Was the
meani ng of hal ogen, NO2, Cl. 6- hal oal kyl, CO 132,
COORa, SO2- R12, O- ClL 6-al kyl or
aryl, while aryl may opti onat/ be substituted by a
i ogroup sel ected from anong hal ogen, Cl1_6-al kyl and
0- Cl. 6-al kyl ; Radenotes Cl-al kyl, Cl.6-hal oal kyl,

C3. 6-cycl oal kyI [ i tuted by a

group sel ected fﬁgﬁ%ﬁhﬁlﬁaﬁﬁ Q‘Iéfﬁé 1. 6-al kyl,

0- Cl. 6-al kyl, NO2, CN, CF3, OCF3 or

0-Cl. 6-al k Ica onyl; 15 vi i [
TrgintaeRes BRI e ARG P A T P g4 fimyia ©

Rl and n has the above gi uen neaning, wth conpound '

of formula 3. ff 203 Prc@fq{red is the above process
wher ei n : CI’

therem
L isa neutral ligand,
n is an integer from 1 1o 3 and

R’ has the meaning of halogen, NO,. Ci¢-alkyl, Cm-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, 'Cm—alkylrand 0O-C,5-alkyl;

R®  denotes Cig-alkyl, Crg-haloalkyl, Ca.g—cycl'oafkyl- or aryl, optionally
substituted by a group selected from among F, Cl, Br, |, Cys-alkyl,
O-Cw—alkyl, NO., CN, CF3, OCF; or 0O-Cyalkylcarbonyl;

via exchange with a ligand of formula 5

wherein R is C;¢-alkyl or H and R' and n has the above given meaning, wtth compound of

formula 3.

Preferred is the above process wherein

Lis PR
R"is Ci-alkyl, Css-cycloalkyl or aryt;
-3
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L isP(R11)3; R11 isCl_6-al kyl, C3_6-cycloal kyl or
aryl; -3- 4/23 or Lis a ligand of fornmula 7a, 7183,
7c or 7d; R7 and R9are each independently H,
Cl_6-al kyl, C2.6-al kenyl or phenyl, wherein the
5phenyl is optionally substituted with up to three
groups i ndependently selected from Cl_6-al kyl

0-Cl_6-al kyl or hal ogen; R9%4{dd3 Rl19are each

i ndependently H, Cl-al kyl, C2_6-al kenyl or phenyl,
wherein the phenyl is optionally substituted with up
to three groups independently selected from

orfl. 6-al kéai&ar{élof@orﬁ{dfawa b, Fébepen; or 10 R9 and

9toget er Wwth the carbon atonms to which they are
attached are conbpined to forma garbocyclic 3,to 8

merber®d ring; R’;ﬁgﬂo Y' are hal ogen. Esp:gm ally
pre}—e{red is the ove proge s hes ein 15 i sH
BN.GNed Kyl OR—AKYIN-R y R=N_NR

7a 7b 7c 7d

R"and R® are each independently H, Cmtalkyl, C,.s-alkenyl or phenyl, wherein the
phenyl is optionaily substituted with up to three groups independently
selected from Cqs-alkyl, O-Cis-alkyl or halogen; '

R®and R  are each independently H, Cis-alkyl, Cz-alkenyt or phenyl, where:n the
phenyl is optionally substituted with up to three groups independently 7

. selected from ‘Cﬁ-a!kyl', O-Cy.s-alkyt or halogen; or _

R°and R  together with the carbon atoms to which they are attachec_j are combined to

~ form a carbocyclic 3 to 8 membered ring; '

YandY' are halogen.
Especially preferred is the above process wherein
R*is H, -C;.e-alkyi or aryl;

Xand X' are eac;h halogen.

Especnally preferred is the above process wherein

Lis . .PCysor aligand of formula 7a, 7b, 7c or 7d;
Cyis cyclohexyl; '

Xand X' are each chlorine.

Especiaily preferred is the above process wherein
Lis ' a ligand of formula 7a, 7b, 7¢ or 7d; and
R’ and R® are 2-methylphenyl, 2, 6-d|methylphenyi or 2, 4, 6-trimethylphenyl.

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



X and X are each hal ogen. Especially preferred is the
above process wherein L isPCy3 or a ligand of fornula
7a, 7b, 7c or 7d; 20Cy iscyclohexyl; X and X are each
chlorine. Especially preferred is the above process
wherein L isa ligand of formula 7a, 713, 7c or 7d;
and 25R7 and R9are 2-nethyl phenyl, 2, '

6- di net hyl'phenyl or 2, 4, 6-3f#43ret hyl phenyl.
Furthernore preferred is a process for manufacturing
a compound of formula 6.1 5/23 rTh Mes-N N-Mes Cl sh
Ru_ Cr- wherein Mes is a nesityl group, nis an
integer from1l to 3 and RI'has the neani ng of hal.ogen,
NO2, Cl14-al kyl, C1_6-M%|—M'T“{'GSCO R2, COCRa, SO2-
5Ra, PQ(Ra)2, 0-Cl1_6-al 5|¥| sor aryl, while aryl may

optionally be substitut Sld,'llsn}ja
\ro (R,
: 6.1
wherein Mes is a mesityl group,
n is an integer from 1 fo 3 and |
R'  has the meaning of halogen, NO,, Cs-alkyl, C,g-haloalkyl, CO-R?, COOR?, SO~
R?, PO(R®),, O-Cys-alkyl or aryl, while aryl may optionally be substiiutegi by a

group selected from among halogen, Cw-alkyl _and O-Cisalkyl;

R® denotes Cyg-alkyl, Cig-haioalkyl, Cse-cycloalkyl or aryl, optionally
substituted by a group selected from among F, Cl, Br, I, Cy¢-alkyl,
O-Cys-alkyl, NOz, CN, CF3, OCFsor O—Cq.s—alkylcarbonyl;

via exchange with a ligand of fbrrr_wla 5

D)
R

\r“.5

n

wherein R is Cy¢-alkyl or H and R' and n has the above gEVenlmeanipga, with compound of

formula 3.1.

Mes—NvN—Mes -

CI fae

- RU—
cr i .
\(O

3.1

Preferred is the above process wherein.
o the temperature during the exchange reaction is below 120°C, preferably below
100°C, most preferably below 80°C.
.5
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group sel ected from anmong hal ogen, Cl1.6-al kyl and
0- Cl. 6-al kyl ; Radenotes 01. 6-al kyl, C3_6-cycl oal kyl or
aryl, optionally substituted by a group selected from
anong F, d, Br,. I, Cl1_6-alkyl, 100-C1.6-al kyl, NO2,
CN, CF3, OCF3 or .0-Cl. 6-al kyl carbonyl ; via

ﬁ&%@omlss

WOMRHIS48E | gand of formula 5 (Rix, 5 15 wher

Cl4-al kyl or Hand R and n pas t he above given

meani ng, with conpound of f6fddla 3.1. rTh Mes-N
N-Mes Cl e" 3.1 20 Preferred is the above process
wherein the tenperature during the exchange reaction.

DorBaoBBe o it e R Btshas ol BbnRErbgre0f pentane.
sopatesdunt ethert becloteaatd, toluére, berizene sud Mxdiresithreseh peeferably
2”%! i soners thereof, n-pentane, petrol eum ether,

y

“Sf&xane, tol uene, benzene and nixtures thereof,
or gedigail of fdrolulee . used in over 3-fold excess compared to the catalyst 3 or 3.1,

preferably over 5-fold excess, most preferably over 8-fold excess, in'particutar
between 9 and 11-fold excess.

e the excess of ligand 5 is recycled after the reaction.

e Ris CHa. ‘

» the prciqucf is obtained through a sequence Qf crystélliiations from the following

solvents: EtOAc, CH,Cl; and methanol.

Espébially preferred is the above brocess wherein the product is obtained through three
crystallization steps: | & "

e 1% crystallization from EtOAc,

e 2™ grystallization from CH,Ch,

¢ 3" grystallization from methanol.

Preferred is the above process wherein

n is 1 and _ ' -
R has the meaning of halogen, NO,, CO-R?, COOR’, S‘OZ-R", PO(Ra)z and

R®  denotes Cqg-alkyl, Ca¢-cycloalkyt or aryl, optionally substituted by a group
selected from among F, Cl, Br, |, Cis-alkyl, O-Cis-alkyl, NO,, CN, CFs,
OCF; or O-C;s-alkylcarbonyl. '

_In particular preferréd is the above process wherein

n is 1 and
R’ has the meaning of NO:.

Also preferred is the above

Ty is 1 and

R'  has the meaning of CO-R?, COOR?, SO--R?, PO(R?), and
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the ligand of fornula 5 is used in over 3-fold excess’
conpared to the catalyst 3 or 3.1, 5Spreferably over .

5-fold excess, nost preferably over 8-fold excess, in
particul ar between 9 and 11-fold excess. the excess -

of ligand 5 is recycled after the reaction. j =
E(éﬁ%iézﬁgqossbs

WOCHEB/05448he product is obtained through a seq

crystallizations fromthe fal I ow ng sol vents: EtOAc,
CH2C 2 and net hanol . Especi dl133 preferred is the
above process wherein the product is obtained through
three crystallization steps: 1st crystallization

fro t OA 52 d %g rou
cr yghgl i %3’?‘? %BH%W%&F% ?’HA Iﬁy[ergér%ed 'S L%ﬁtétu%&%\);gg P
process wsdeged froinsnamg R2C1, IG1hai§<Ytﬁ?eC | AgClos

hal ogen, NO2, CO Ra, COUR , S02-Ra, PQ(R12 and
Redenotes C _ral kyl, C3_6- cycl oal kyl or aryl,

opti onal 'y substitut ed by a group selected from anbng

I f lco r |
F%ﬁeo;n'f&e reE{reg qg“hg ﬁﬁé\gér/ chﬁs.ngeSé}# Eﬁépap'l?ilglnélﬁ flri‘b rrfala®3.1 is made’

' frpmeée:immﬂndsﬁohmulakiove process wherein island has
~the nmeaning of .NO2. 30 Also preferred is the above

F‘C:y3
Cle, R

0

via exchange of the' PCys Ligand wi_th

1

- 4. k* -
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. potassmm tert-
hexanoate). ‘
s the phosphine scavenger is CuCL
. tﬁe solvent is selected from n-hexane and isomers thereof, n-pentane, petroleum ‘
~ ether, cyclohexane, toluene, benzene and mixiures thereof, preferably n-hexane

Q the crude reaction product is purified by crystall:satlon 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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i sland Rlhas the nmeaning of CO Ra, COORs, S02-Ra,
PQ(Ra) 2 and WO 2007/ 054483PCT/ EP2006/ 068156 7/ 23

| R2denot es C4. 8-al kyl. C3_6-cycl oal kyl or aryl,
optionally substituted by a group sel ected fr.om anong

WORDOTGS48E1 6-al kyl, 0-CL_6-al kyl or CF3. 5 FECTAZRMHSI0E8156

preferred is the above prOceg§ ghereln t he conpound
of formula 3.1 is nade from 8 ound of fornula 1
vi a exchange of the PCy3 Ligand mnth 10 Mes-N N Mes
I 3F; in the presence of a base and a phosphi ne

b : f i h
2bove pr ocessRAIEH DESRBIRRN QR HEIRVERTRM | 11
tert-pentanol ate or a honDIogue thereof (e.g.
Cprgetp%‘sﬁ%klgn}gmenrgtm§%§§ﬁ% E}eparétlbﬂliggfl%gguprg;%rﬁﬁﬁ ggneratlon
catalystssxﬁ i‘mmslatarmrciemﬂn bersyp‘smsaﬂél e.prebhighb yelinP2-oatd) é‘pm Hoveyda-
%&%?ataoﬁ %Eféﬁ@% ochﬁ‘%%;‘P(F@D% MXididRed B%@génd SIMES
pre era

e reaction proau
carbepe parebwegr dyndargerehlily ogimized condifipnaet hanol .

P(R"

o7 PRS O
P = T

1 _ 3.

A s:mllar process using 1 (R3 Ph R1 H) as a starting material has been previously -
descrlbed by Hoveyda et al as bemg low efficient [Steven B. Garber, Jason S. Kingsbury,
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% yieid
[Simon Gessler, Stefan Randl and Siegfried Blechert Tetrahedron Letters 2000, 41, 9973-
9976]. Treatment of 1 with 1.2 equiv. of SIMES x HCl and 1.2 equiv. KO'Bu in THF /
toluene at 80°C leads first to the formation of a intermediate 4 siill bearing the PCy;

moiety.

4
CHCly Cf/\l/ # :
. XY C[,.RU— -
- PCYa Y
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Also preferred is the use of a reaction product of
formula 6 or 6.1 froma process according to clains
1-18 as a catalyst for netathesis reactions. WO
2007/ 054483PCT/ EP2006/ 068156 8/ 23 DETAI LED

WORMIEEH4BT| ON OF THE | NVENTI ON One possi bl e staPEFgP/0o81se
material for this preparation,is a Hoveyda- G ubbs 2nd
generation catal ysts of for %3 and can be
synthesized Le. in high yield (98-92% from Hoveyda-
sG ubbs -1nd generation catalysts of formula 1 (R =

| c@ﬁung.%u Fas fl Hte‘ﬂ:?%ﬁﬁé@m @HFacRirYESof BlcbRite FRhASIA SR he

care tim Zed conditions. po a6l
desifel (catrplex v\bﬁg@hleye by\pliringgeh 4at room temperature n CHCls for two hours.
The final product 3 was separated from the liberated phosphine and decomposition

products by flash chromatography using CH.Cl; as the eluent.

in the present invention a less polar solvent, e.g. n-hexane and isomers thereof, n-
pentane, petroleum ether, cyciochexane, toluene, benzene and mixtures thereof and a
more sd!ub]e base: potassium tert-pentanoclate and homologues (e.g. potassium.tert-
.hexanoate) was used. Instead of CHCI; solid CuCl was selected as a more effective
phosphine scavenger. These modifications in which the reacfion is close to

heterogeneous conditions allows to develop a high-yielding one-pot process.

In addition, the unexpected obéewation that the ruthenium-containing, highly coloured
reaction by-products are soluble in methanol allows to purify the crude reaction mixture by
simple crystallization without need to use tei;!ious chromatographic separation‘. As a result

" complex 3.1 can be straightforwardly obtained in a multi gram scale in a high yield (98-
92%).

) [\, ) Mes—N_ N-—Mes
PCy,  Mes—N_ ;N—Mes | BF; g
Clin, , ‘ : Clo, fuz
R _ KOC(CHCH,CHy /CuCl o
o n-Hexane, then CH,Cl, O

\( Y 98-92% \r

1

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.

- - ;i@ . Mes—N_ N—M
Mes"NvN—Mes 1 . es v es

* \r R, -
Clu,, ! . 5 7 Clu,, Ru—

o U= > o
1 . R= H [
OQ > : OQ >
\( / 1
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A simlar process using 1 (R3 =Ph, RL = H as a

starting material has been previously described by

Hoveyda et al as being |low efficient [Steven B.

Gar ber, Jason S. Kingsbury, toBrian L. Gray, and Amr
WOH0UMS48¥da J. Am Chem Soc. 2000, 122, 816HCHEDHN6/068156

Bl echert has reported a rmr_e[ cessful two step

preparation of 3 from1l (R &?’ln 75% vyield [ Si non

.Gessler, Stefan Rand' and Siegfried Bl echert

Tetrahedron Letters 2000, 41, 9973- 9976]. Treatnent

of 1 with 1.2 equiv. of SIMES x HCI and 1.2 equiv.

KOXE uin THF / toluene at 80C | eads first to the

Af pod@ ekmtineht showsdahateied 24seprbpskybehzhidand limgnd hende@y Buthenium

céosm‘igg%%ﬁ%gmgég ggll/rtgf %"4 § gt%ﬁpﬁ&ﬂﬁ% %6ﬁ’ﬁarg%r2tém %?ﬁft thls equilibrium
abex&iss o stytens Bdrana ta oeussd. Ahethaxe;gptpierd r@!.t@gn@;tns\/ﬁgp IS fast homo-
d%ﬁ%sgtic%dofg%re‘cht 'gtro tngs%een%fﬁtnalr oom tenperature in

product 3 was
separ at ed fromthe | i berated phosphi pe ang \
deconposition products by flash chr ﬂRlulsi ng

CH2Cl 2 as the ehuent. .5 In the preseny iffiv ntion a

| ess pol ar SOI§§%£Q;e'g' n- hexane gng~.80M(Ss

thereof, n nt etrol eum et gycl ohféXane,.

t ol uene, b;\Eene and“ M xtures thereof and a'more

sol ubl e base: p®tassiumtert-pentanol ate and

honol ogues (e.g. potassiumtenhexanoate) was used.

I nstead of CHClI 3 solid CuCl sel ecte a r ‘
Siippar{ FeRobFrasHThe WBARARGE o NS bt 19 SETERg o £
tH&JPéfgﬁétntsh&nfa@ac fnhDAs tl‘%dr@btﬂi@ﬁ an@ dba’eafsswteomse final product.

condj ti ans evel o

SpraBiaL e Cuiaie oibore TR e el e PP Bl point o
vielye rut heni um cont ai ni ng, hi ghl ycol oured reaction

by- products are soluble in nmethanol allows to purlfy

the crude reaction m xture by 15sinple
AGenditallet ioptirhizationil Wi iound éed tHeaomrsspondid{) dtisopropoxy-4-nitro-2-

chr omat olot:} hi ¢ [
< till
[pé%q,] ?'5’.8 ﬂ{bgg T55 Fglfg)y&g&g{da%‘? gEﬁ%}BﬁEH@ﬁﬁﬁia%n ?Wﬁlile it still can
be csddfor tmeaexdleglgeyteaejtidn.(lg@J Ogeitexcess of 5 (R = CHs) glves best resuits
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 Iig'and 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 confrolled and gives reprodﬁcible 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 fime of the exchange reaction, which has to be in a range 15—25 min.
Prolongated heating leads to formation of iarger 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 -an-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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CL [ Mes-N 7N-Mes] BF; KOC(CH3)2CH2CH3/ CudCl

n- Hexane, then CH2Cl 2 98-92%--1" 3.1 20Next step
requires the replacenent of the good chelating

2-i sopropoxybenzylidene fragment in 3.1 with the |ess

Woatﬂelﬂammg 5-ni tro-2-i sopropoxybenzyl i dene | PGE(ERR08S/068156

The synthesis of 5is known i. e. from WD

2004- 035596. WO. 2007/054483@¢?BEP2006/068156 10/ 23 A

nodel experinment showed that the

2 I sopr opoxybenzyl i dene |igand bonds to ruthenium ca.
times stronger then. h h

hﬂdrﬁq:atri?fansz(h?@@ﬁra&ﬁ&m%ﬁoaé‘ﬁ%e“f%“ﬁ REERAGHM §ihgh Fygonexane

bbhtiche SEMEhd)RInH Wikia Fesapdtedispreferaritihyetoriebe.nave to be

used. Mother problemrelated to this step is fast

honodi neri sation of styrene 5 to the stilbene 7.

Tﬁé bdub@ ReacTorc ADAGE afteahé lijandtexeiange tskepc ad:rwhsyswfsthe)fanoveyda

3 3.1t
cHaiR A ml ainpdns & FREC R GoRult b BhE b b )
la@ée grheurft oharrepetediiigend (5)oSitprmed) and sofmet isochypsediicsiang tars. In
O‘E’Fﬁ q%g)gilc%éo rggr(%?)rtuc Yechﬁnqﬁ(%{ ' L;Itigh ijﬂ)rgdud't%"f?'o%ls compllcated

optim zatio
mnﬁumﬂ&a frodund it pLatiied he cwdﬁﬂlwpo figrife crude mixture by the followmg

eq i SO Of?fﬁ}(]%%ihzgﬂg\llstro 2- [prop-1-en-1-yllbenzene 5 (R

0es fruch sl ower dinerjzation, while jt
still can 15be used for the exchange reaction. The

1%rysqalgza%ﬁ fom Oba2 1§ %movg_@ Y B RERb 5drR Calayst 3

e Crystallization from .CHZCIz‘to remove stilbene 7 (repeated if necessary).

+ Crystallization from methanol to remove remaining stilbene? and unreacted 3.

These steps can be repeated if necessary until product of a ﬁnal punty of at least 95% is
obtained. Composition of samples after each crystallization step can be convenlently
checked by *H NMR. Characteristic NMR signals are as follow:

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

~ The filtrate after first crystaliization from EtOAc contains mainly unreacted ligand 3,

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 glie.a column of
diameter 12 cm and gel was Ioaded at 9cm h'ight- The column was eluted gravitationally
with 5% to 20% vlv 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- o -
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al  owi ng conversion of the 80-90% of the

Hoveyda- Grubbs catal yst. The remai ni ng unreacted 3 or
3.1 can be separated and recycled. Use of snmaller
excess of the ligand 5 is possible, but |eads to

WO bwyWes448onver si ons. For exanple in test exchAdgeF006/068156

reactions with Sequalenf}?/g 5 the isolated yield
of 6.1 was 45-47% i nst ead 60% obt ai ned
typically 20with 10 equivalents. Initially it was
found that at a tenperature about 120 - 80C t he

I gan ~exch t| on r I ;
o s P B 1% eSSt Redfy FR0E0 5 Boreisno
nmrsapar@m; tnabmbusmomts b'ecsn@bsﬁoaeydawgtﬁh@ﬁ gmm/ﬂgand 5, asit

The cr.uci al ssful trans-
'Sfﬁoﬁﬁtﬁﬁ'f‘%ﬁ"q? a?ﬁ’e e%eﬁonﬁg ﬁ%‘ié{gchange reaction,
which has to be in a range 15-25 m n. Prol ongated

s@ﬁ@ﬁ;@ ﬁ‘é%g ?st‘é@ Eo%&g@;tde rﬂgothl? d@ﬁﬁg AR I3tA B hgfeld7W|th

con I ons the Frization o
prrmmaiw ne dtﬁ&nﬂy—pmﬁum Jbedeaszsmasee el secand 3ieRySapAE Aeresting.

b 6;&?}2 3ra%ﬁt69%f of the Ilgand 5 obtamed 13.1 g of the product 6 (60%
?opr 0pOX 2q rop-1-en- enzene ot
Ohﬁield)eanni\%rfé@ (333% @inQlﬁ)é)fﬁ agrtaq Bﬁreaqp&e:rﬂ dgjifion :t s possr eto

b RS 0P aalﬂfﬁa’ﬂdl 3% Yaofetarti
re?ghé"a@ i *&@8%548%‘?5 0@34%"%% /EP28 B/ bes156 i?]:ﬁ] g( yandtaring

Hnwde@umnem@meé adnatqr%wﬁ%ﬁ)s HEYREEY: HS’%%@‘F&‘R%"Q

d@s%h{)&]i Sz‘éBér%h&%me £%5lqb Bi@Man bﬁ@ 5§tﬁl$ 13136 lgue ﬂ%)NlamHioveyda o
ures thereof, preferentjal

germ@ttqnmatwsw (9% 365 & NMRY Tnegta%av =0 8ﬁg‘ﬁd°8 regltSIg B iH8yca 2nd
Sorstot Sitdst sBonbidrandiowpyda Scatal ysts (6), snall
garmurtljt%s (t)aﬂsunreact eé Hoveyda- G ubbs 2nd generati on
catal ysts (3), large anount of unreacted ligand (5),
stil bene (7) and sone m nor byproducts and tars. In

order to avoid %G{Eﬁ ogr aphi ¢ techni ques in
USER ERRMA AP BF fromthis conplicated mixture

the product is purified by crystallization fromthe

~d t foll
T%We%ﬁ%épgq?gﬁﬁ%ﬂgg] eib%re@%/ p trsee%%ﬂgﬁ n‘%%nl n?SEthSt would be glven to
tﬁeﬁn@)’@ﬁ sreskilng Brecirad light ghthe dsclosdrecad dhy eantext. As used inthe

li zat f
sialiebr S LSTH S oS5, B peneds ave e
niahing irjicatel arehthe @)lioemalcnmwgltlgnﬂ arg eﬁiéewd nnleas elhemase

| SBE?CH%E&E!&B g\f’ %gﬁc’\%e%ﬁgrra‘f gLk nﬁ?)ng SP@ Forltr%l ARLEH T & Btdble atom

uri ast 95%1is "
veibt@dsrzeel preSompd and adne\@ﬂ I%ﬁ'h’f@rfégia%ﬁ@(bﬁméa% Hhe term "substituted”
Cr %{ﬁ% LihZALL D {thﬁf{r& B %r&ﬁ;’i&f@d’é‘n@ Bhlihe §RmbRd ddm is

Bharact eristic NVR s ghals are as follow
replaced with a selection from the zndlcated group provided that the designated atom's

normal valence is not exceeded, and that the substitution results in a stable ‘compound.

The term "Cm—alkyl" as used herein, either alone or in combination with anqther
substituent, means acyclic; étraight 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 alkenyi subsfifuents containing from

-12-
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Stil bene 7, 2H (CH=CH):7.49 ppm 20 Nitro-Hoveyda
6, 1H (CH=Ru) : 16. 46 ppm Hoveyda- G ubbs 3, 1H"
(CH=Ru):16.56 ppm The filtrate after first

crystal lization from Et0Ac contains mainly unreacted

wol-jg@mﬁs smal |l er anounts of 3, 6, and sone BGDBRI086/¢MB156

7 and undefined products of ,25deconposition (tars).
The undefi ned products of d ﬁﬁ%sition (tars) can be
easily separated by filtration through a short pad of
silica-gel. In a large scale preparation (10 g) i.e.
a colum of dianmeter 12 cm and g@ﬂgmas Ioa

ohe trhsix carhen glomsrandighloas e lRuBleRPNE 13T SKATP 98%% wRpeny
b?téhglt heSBAVA- me%gzeeﬁéwl 1aﬁcﬁhﬂﬁv%pérﬁy| -hew@RRopeAier fi it st

ion contained pure |igand 5, then a m xture of

dimethyiethell-um conpl exes 3, 6 and sone anmpunt of

stilbene 7 was collected. Fromthis fraction

additi“onal amounts of nitro- cat st .6 can ea,%ilxth "
Ty BB L aeer Pt i ehaetrotr i afRr o §7B andtne
s(is<eaRh atbahs aeYdib &trhighSér brarabed Ohlalaatliyifsumtltmmccmta]mng up to
crystallization of t he SE& nd fragtion

sg@@@@g@ﬁq@q @la INGQe niﬂr% rggg?r@risug?utﬁtgé {or r]'?lpoge\'}\iz)eiected from
bedptdy cRioftA Bidrebr EJBB Qﬂéﬁe%ﬁjﬁﬁﬁ rdl Br&arablyttod esm s hhlealkyl

e M b S B R 2B £ oroei.
amounts of G ubbs- Hoveyda catalyst 3 fromthe |ligand:

A { I
TR 535 Grr oG A S el R Eod oapﬁ%eeﬂﬂ?ﬂ@éﬁ@"’%ef
seasiaieht, yneags ¥ icpgogkyd dutetitu@ni crontﬂnghg fxpmlthrewfq $ix carbon atoms and

bal

r&@g? C%CZOEB%HPO%@%W?@ %Io@&ﬂﬂt&g}: %!?I? n , nngfflangngsom
19.6 g of Sand 69.6 of thellgand50btalned 13.1 g -
Tﬁé tqtn@) &?'%glﬁg ﬁe&@?gﬂr% @lo[j)n r?a%oﬁ)wﬁh Grafaralupstituent,

Dene areotalne I'naddition it is
rrmas eilti16e an gramaficrieengeyclic gyatenar awﬂtcg‘%@zﬁ)@&vs’fﬁms CO"fa*m"Q
PRRdea pRchyRoda BadhltdVingdystem, wherein aryl
Cgrﬁj %}Hg SMGYU %%grrpygx 3 (as argl)xyture :

mﬂanﬁg@)erallymn@r@mﬁiwyytenu§¢rr?@<amﬁ@ Ps8Yle descri bed
preparation one is able to obtain in one batch 13. 35

of the Ni.tro-Hoveyda 2"d generati OB & é/st u6frtg
The term("Balpagy’ as Hed beyel Means AN pgen vy selecte

chbid, BrofY&@Ystd. 2nd generation catal yst is 55% after
two steps. 15 USED TERMS AND DEFI NI TI ONS '

UOI‘O

EXAMPLE - STEP |

o Afi b] - -
Le, y .
" KOG(CH2)2CH;CH3 / CuCl - :

O

1

-13-



10

15

20

25

30

Ternms not specifically defined herein should be given
t he nmeani ngs that woul d be given to them by one of
skill in the art in light of the disclosure and the
context. As used in the 20specification, however,

wo pb/iesisssspecified to the contrary, the fol | RETHEPPEORESS

have the neaning indicated and the foll ow ng
conventions are adhered to. 1#MR8ss ot herwi se
speci fied bel ow, conventional definitions of terns
control and conventional stable atom val ences are
presunmed and achieved in all fornulas and groups. The
Matariglstsubsti t ut ed” as used herein, nmeans that any one
o 0rHo@Esfo%-@b(@b_@Q@@§né?é&idnhe(sdsﬁ1r@eatngdrhamm is
25repl aced wwtha selection fromthe indicated group
* pEOVEGedHBad (feplly gEPPBHAt ed atom s normal val ence is
o C . Bn FUBREhE, HiK@N results in a
s?%gﬁéﬁgggg%ﬂﬁgﬂg%ﬁgﬁi%ﬂqi"C1.6-alkyl"mas used
* hé&opper, (Hehioide (AlddRe or in conbination with anot her
S j ki pght or branched
°cﬁ§%%éggﬁykdsugstlf%gﬁﬁgmggﬁ?g?ﬁ?ﬁg from 30one to six
s c &tipdnAcettatespand i ncl udes, for exanple, nethyl,
. ethyl r [, butyl, hexyl, 1- nethylethyl,
192é?ﬁggﬂig%yl,_2-nethy|propy| or 1, 1-dinethyl ethyl.
« Thisthagol{pag2. 6- al kenyl " as used herein, either alone

.orii?rcggg%ﬂa ion with another substituent, neans
aQRYGramedei& (R&Y or branched chain al kenyl

‘e SiWafifei(FlukaY s containing from-12- WO

20071054483PCT/ EP2006/ 068156 13/ 23 one to six carbon
atoms and at | east one doubl e bond. For exanple
et henyl, propenyl, butenyl, hexenyl, 1-nethylethenyl,

o1- MRt hyl propenyl, 2-nmethyl propenyl or-1,1-
Prg?cgﬁfl y’l et henyl. 5The term"C ..6-haloallcyl" as used
herein, either alone or in conbination w th another

1$¥Q§ﬁ$%ﬁﬁﬂt, means acycli.c, straight or branched
‘Char'n al'kyl substituents containing up t i X _carbon.. .
AdinorB0hk pre-bRaked: oxe-BotiyIe dgehis cotbees vl agagpRicHtining

bﬁ}?llu?g%eliﬁjns l‘éﬁt? dn BfgRAiMtOTH a6 R Istdtargetil unaeoarodrgbrostmosphere

S SIS s AL EP 5 B (19000, otor
oftgokdsk A RARIYAte {21@;1@ 36,75 pl)aeadydd feom a syringe and the resulting
me?urr; lisus%z'rggtuplgler' arggn at room temperature for 1 h. To the resulted solution a solid
Hoveyda-Grubbs 1% generaﬁon catalyst 1 (29.4 mmol, 17.6 g) is added in one portion.
The flask is equipped with a reflux con_denser'with an argon inlet at the top and the
reaction mixture is reﬁuxed 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

resulfing mixture is refluxed for 2 h. From this point forth, all manipulations are carried out

in air.

1.IL Isolation of the product by crystallization
The reactibn mixture is evaporated to dryness and re-dissolved in ethyl acetate (200 mL}. A
The solution is filtrated through a Buchner funne! with glass frit filled with Celite and then
concentrated in vacuo; The residue is dissolved in ambient temp. 1:10 viv mixtijrt-;- of

CH.Cl, and methanol (220 mL). After concentration fo ca. %4 of the initial volume using a

-14-
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The term "C3_8-cycl oal kyl" as used herein, either

al one or in conbination wth another substituent,
nmeans a cycl oal kyl substituent containing fromthree
to six carbon atons and includes - cycl oprop

I
wo 2ayebekut yl , cycl opentyl or cyclohexyl . 15THel BRI

"aryl" as used herein, eit Hg’rrﬁ one or in conbination
wi th anot her substituent, a/ either an aromatic

nonocyclic systemor aromatic nulticyclic systens
cont ai ni ng carbon atons. For exanple, aryl includes a

phenyl or a naphthyl rin S - i d-
rotaRY FURRATRIDT @Ppna %ﬂ%%?tgregﬁgrf% Ar rech ?ﬁg] Lhé%%éhﬁﬁ?@éz}g ﬁl'tere
oﬁ-Bh%' E@hﬁéfﬁh}ﬁieb@&fmblaa&;rmsﬁﬂfmm arernwashed yvzgﬁaw@'ggﬁall portions

substityent. se| ect Ly P53
of PUE@" ( L%'I(J_ S@Fégv?é%glivlégu% HERyAA 8¢ BIRRE P25 |
mrﬂ&%lsg%ﬁ&aﬁf’ékémwm&aw is gvarmraEg & gryrass and crystallized

Hoveyda- & ubbs t i . 61 .
G R i o
ad@odres siop of pee Hoarydal & g¢reration) @tﬂlyﬁ{ {1ohmel 18 @ Ehe total yie

Clk ) e el i6H d i§1629 127.0 mmol ety RNe
of elg;!f-fsé%e dat%)ﬁ@{é g)ﬁa&%{l&{ A8y Aligle29% 27.0 mmo %R

Istilled under Ar) Et hyl e
Acetate (p.a.) c- Hexane (p.a.)
Met hanol (p.a.) 10 Dichloronethane (p.a.) Celite
( Fl uke) '

EXAMPLE - STEP I

Ru= . 5 ".RU,—
\rﬁj | o Yﬁj
Materials:

“Ligand” 1-isopropoxy-4-nitro-2-[prop1-en-1-ylJbenzene 5 (E:Z mixture 1.1}

Hoveyda-Grubbs 2™ catalyst 3 (prepared previogsly)

Toluene (distilled over Na, stored under Ar)
Ethyl acetate (p.a.)

Methanol (p.a.)

Dichioromethane (p.a.)

_ ¢-Hexane (p.a)

Silicagel 60 (230-400 mesh; Merck)
Procedure I}

2.1 The ligand exchange
A dry one-necked round-bottomed 1L flask is equipped with a magnetic sfirring bar,
rubber septum and argon inlet. The flask is charged under argon with the ligand 5 (1-

15
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Procedure | 15 1.1. Preparation A dry, 1000-ni,
one- necked, round-bottoned flask is equipped with a
magneti c stirring bar, rubber septum and an argon

inlet. The flask is charged under an argo ‘S'B?i%mggﬁ
an

WO 200710p483 sol i d SI MES x HBF42 (35 28 mol ,

dry n-hexane (400 niL). % on 200f pot assi um

tert-anylate (21.6 ni, 36 is added from a
syringe and the resulting mxture is stirred under
argon at roomtenperature for 1 h. To the resulted

1so§§:{p§{q|9—§ itrp- %1 I;?Hm)}f}g%]fggg %11$ﬁoiwgatdn@@ry toluene (450

 Onepartion at 80 °C and
mtpord the I%oluﬂ'dleca‘tialastla Bs28 qumqbp Q/@ tlf’na‘éderdé’f‘ pgportiona a

stlrlr%g%tteq%s‘ﬁrfm% T}}“: Rﬁ%rr tﬁg?irr{?x Rh & ar@atIYSIStISlhE:@ Eei@F%;fﬂ!le plates

ontents. of
Mbd&E) bluask.?@%erl\cofcﬂtla(bl agatate @b@me@ge} [@%@tp%ﬁnﬁcf%rngﬁan of & new -

Arell)of heendge of HovdygaiGmubbs 2 3
grst'eﬁ\ sggt %% prgé& ?é of tRe res :
anfl Mtr@cﬁaiyﬁlﬁ(ﬁ%ﬁ%?@ ‘ﬁg?re@f{cgl%gﬂth %qu”)ér?gh'l %Fltfﬁ'grr oér’ﬁ'ksil'z'( %‘rj%OPPEd

EALNER Soledlin bb-batrs@lradrh eamsHratutes Fumothiscuoirtsyorth, all
The 9l ﬁfl zadls'gr%é B Feacti on mxture is evapor at ed

m&mtﬂﬂ@n@mcaﬁ@dr%ﬂm%%ol ved in ethyl acetate (20Q
m.). The solution is filtrated through a Buchner
funnel with glass frit fi Ied with Celite and then

2.1t dsnfatinn ofi the oredyat Ly ErYsEAlZRUN que is dissol ved in

T TRARBA ﬁlﬁm is évé&ratéd/wmoat heating fo GyBEGIs2 Tt sulindsesus ol is
dlsgsgi%%e)d Hl cggﬁblftgt*g:r § onc ent ¢ %u?on :s?henatiooﬂe/ﬁn foreéﬂf (-30°C }for 45

m[a 0&?&%&&%3’ ﬁgécﬁd? &QQtﬁfn%ﬁlﬂ:éﬁéd 1562 & Buchngr bipng) with glsss frit.

t al "
Tf@rWﬁ%(FéL y Taﬁ ij){lﬁe %qpié% gefqaen%rﬁ%r?g‘q @ﬁlﬁ(ﬁe ?'(gfe% nzﬁlg ThE §§IE! coliected
ol &5, telrlg-a rhikeure oy stiens aad dlitwe2 T eeharsficdeaialych I%%m dissolved in

. ort ions o;%q%'e'%gg r%,; aﬂg%%?neﬁpgsguﬂoggs %o%n#%‘f%?g e obtained

- soﬁl)aon Esvoleidlir aateezaf(taer"cesfoy §B ain. ﬁﬁ&f {hésrfimesa BP4YE PZF‘&!EFB‘S

to d d o
prgqlo@fﬂrt%ﬁﬁé acgmgir anoe%dzfﬁfjorﬁa Eﬁ&n%hﬁmﬁ&%lﬁ%ldsb i@ and washe

usi ng the sane prot

il ddlcﬂ@hﬂmcaﬁth mmtmnaly yejiomﬁobﬂ( £%mmel d 31 opst ene ) left on

L&Fner Brfe nl'hregiﬁt%lgg i a&ﬂfo tedi® i gnésso‘e&d%er{ TRecidRtalled as before
ubbs ener.atj.on
ind m:amiﬂ&’m@@r'x‘t d Oﬂrﬁlz until §oxpoggneoyys n gﬂa g&%%g%% sBIutlon

methanol is added in a volume three times greater then the voiume of CHzClyused. The

solution is concentrated using a rotary evaporator untli crystals precipitated
(approximately half of the initial volure 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, &. 05 g). The fi ltrate and the methanol solution

- from decantation are combined and evaporated to dryness. The residue is dissolved in

refluxed CH,Cl, until homogeneous solution is obtain_ed and the above described
crystaliizations "sequeﬁce (2.1.A to 2.IL.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 l) after crystallization of the crude reaction mixture from ethyl acetate

(see bellow}.
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20

6 Materi al s': 15" Li gand"
1-i 50propoxy4-ni tro-2-[propl-en-1-yl]benzene 5 (E
m xture 1:1) Hoveyda- Grubbs 2'd catal yst 3 (prepared

wopt@exwsaes| y) Tol uene (distilled over Na, stoPEWEBHEEH68156

Ar) Ethyl acetate (p.a.) Methanol (p.a.)

20Di chl oronet hane (p.a.) c-Hexahe (p.a) Silicagel 60
(230-400 nesh; Merck) Procedure Il 25 21 The |igand
exchange A dry one-necked round-bottonmed 1L flask is
equi pped with a nagnetic stirring bar, rubber septum
and argon inlet. The flask is charged under argon
Zgﬁ IRbdeBrdtiof ¥t dheligid fofRirther recycling

00/7"054483PCT/ EP2006/ 068156 16/23
The 8ivetsdGIRATE; i aiter soysfallipion efiibe cryfle macial e raqpthyl
aBRkte iS8vapbralld t%n:ﬁ'yriys! ah@ H438 thrébgh Athort g4l dfRBica gel Two

fré%l@lrj]tﬁ I@?qn q:t%%gg{ tlgbf r@j fg:}cgo%{ F{,f{%ﬁc)gt]n %wn%%%lgrevgaor CH’I & yeHow oil

(B 158) dridithe $ddBRd Eh&mmM@mt)[gamg L grege il @8I5d). Th€second
ates (Merc el u nt 20% v

L ) LS POt Bl I 358 o soon

fraction is concentrated to dryness in vacuo and dissolved in CH,Cl. Then methanol (in a
volume three times greater than the volume of CH:Cl; used) is added to the r_e’sultcd
homogeneous solution The solufio__n’isi concentrated using a rotary evaporator until green

crystals precipitated (appro_icimately half of the initial volume of solvent is evaporated). -

These crystals are collected on a Buchner funnel with glass frit and then washed once -

with a small portion of methanol (~20 mL). Obtained crystals are re-dissolved in refluxed
CH,Cl, until homogeneous solution is obtained and the procedure of crystallization (2.1.C
to 2.1.D} is repeated fo give the third crop of the Nitro-cafalyst (3.85 mmol, 2.58 g).
Finally three crops of the Nitro-Hoveyda 2™ generation catalyst are combined (19.87
mmal, 13.35 g) and subjected to final preCIpltation from CH2Cl,/ MeOH. The obtained

-green crysta[s are dried under vacuum. The total yield of the pure (97% 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 fract;on (FRACTION II) can be combined and recycled in: next preparations of

the catalyst
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5 green spot of the product. The ratio of the area of
green spots of Hoveyda- G ubbs 2nd 3 and
" Nitro-catal yst 6 should be -1:3 according to TLC and
at this point reaction is stopped. The content of the
flask is cooled in ice-bath to roomtenperature. From
this point forth, all mani pu&fi®dns are carried out
inair. 102.11. Isolation of the product by
crystallization The reaction m.xture is evaporated
wi t hout heating to dryness. The resulting viscous oil
gq/Af@d in cold EtOAc (200 nmi). The solution.is

w{-laen cool eg in a freezer (-30C) for 45 mn.. After
this time the cold solution is fiItrateg t hrough a
Buc aMitkBtugh@s Sofmpbundididorfiula 6at e (FI LTRATE

1'I) [)gs@g%gregﬂp regener%u on of ligand 5 (see 2.111).
The solid collected 150n ajfilter, being a m xture of
stil bene and Nitro 2nd %%:ar,.t'i on catalyst, is then
di ssol ved in refl uxing 0200 niL) until a
honogeneous sol ution is_f @ hen the obtai ned
solution is cooled in a flreezer (-80 C) for 30 mn.-
After this tinme a mxture of crystaﬁs precipitates.
These crystals are filtered-off on a Buchner funnel
wi t WRASS8s frit and washed with cold ethyl acetate
unti | nIXPé?] ow solid (30.69 nmol, 11.86 g,
sti Il'bene) t/n 20Buchner funnel . The filtrate is
evarRf &ed to @%b}d,sczarﬂycbﬁ'gﬂ F@Ws re-dissol ved as
before-in a m; ul@Fa Gk @e2umdj | honpgeneous
sol Wtfion is ob? qﬁhg@%ﬁ?hl S Sc‘)?utl on net hanol is -
added in a volune three tjmes gregter,, t hen the vol_wre
of CH2CIR2 ugéd. The W| on is copcent rated usN‘(g';l
rotary e orator unt st al ﬁ_@st at ngL N
(appr c¥-Nap ety hal fREOR e MreR i t | aI “vol ume of soMen?
must be evaporated). The solution.is 25decanted to
the round4hottom flaskygnd the cryst@ls are col fdcted
on a Buchner funnel with glass fit. The crystals are
washed once with snall portion of nethanol (-30 ni),

and next with the n £ o
acetBlandR20 rA'P &f nb ra%g@ﬁqnﬁyh giro HQ 1, @63 QR&WI or pheny[ wherein
first crop of urphenptiabytionally :{ubﬁtttg’@dmﬁbﬂuptgﬂ@'se groups

The filtrate an the £ ¢, L alkyf, 1000) s-alkyl or halogen;
L R RO

decantation ar 8 evapor at e

to n
The ReahdiR¥ i sam mblmcb@enqlﬁn@mﬂ gH-gu@dc@.-@@frén arr;gshqny! wherein
hombgeneous sogltiof, i §o|9tibtn§l!§‘§ﬂ)sﬁt[liédtvhﬁt bt tieree groups. -
described cr s’} aﬂr\ gat Ions se
2.11.Q isr e%@dﬁk@hde@ﬂ)gﬁﬁ%}%d?% &‘ylzld 8%%‘93{) g ha!ogen or
cat abyshy Rl 4. ?efﬂ@? With Zhe/carigon at'oﬁlne td which thiyare attached are

Hoveyda cat al bt d f
(I LTRATE |} Sperebings (x0am epi oo AectBgd g

r eacYiaod Yii xt uge Halegffet hyl acetate (see bel | ovv) VO
2007/,0544R3RGl{-EAFRONG/ 19BRHA6 17/23 2. 111.

Regener al IRon O;aé Phee rl’reagna:r?gdo haliogfeHrr& o, C1,6-edﬁ<3§F Idm—ﬂaloalkyl COOR?,

SO-R?, PO(R*‘)Z O-C,¢-atkyl or aryl, while aryl may optionally be
substituted by a group selected from among halogen, Cm—alkyl and
O-C,¢-alkyt; or in the event that nis 1, also CO-R?

-18-



The filtrate (FILTRATE |) after crystallization of
the crude reaction mxture fromethyl acetate is
evaporated to dryness and passed through a short pad
of silica gel. Two 5fractions are obtained: the first
fraction (FRACTION I) giving after evaporation a
yellow oil (22.15 g) and thegserodnd one (FRACTION |1)
giving a green oil (28.6 g). The second fraction is
collected until the colour of eluent changed from
green to brown. The second fraction is concentrated

to drynegs in a6 i, €5 ghurdkiinCoHRdicalkyTbrearyl, optionally
met hanol (in a volunme three t%ggg%pﬁeater than,the -~ alkyl,
vol ume of CH2eubstiisied by iBgrarRisrIeq e TR ANy fr & B Crealtrh
fr) hormgeneoub_g%_léfkw RIOLNENSOFLTOCH of ©-Copsleyitarbomd
using a rotary evapofator until green crystals
precipitated (approximately half of the initia
vol ‘S 4 8d). These crystals are
col :‘I’gg‘?xg%arg%‘gﬂ%gﬁ%ore&?m'el with glass fit and then
washed once with a small portion of nmethanol (-20
m.). Obtained crystals are re-disgolved in refluxed
CH2d 2unti| honogeneous sol utk s _obtained and the
procedure of crystallization (2. T.0R15t0 2.11.D) is
repeated to give the third trop of thé& N tro-catal yst
(3.85 mmol, 2.58 g)., Finally three crops of. the
Nt aherin Bid SHbrad g aae dx hasting 2PafR AYerHPEing it sgmpound of
(19ﬁ§%]] [, 13.359) and subjected to final-. o -
precipitation from CH2O 2/ MeQH. The obt ai ned green
crystals are dried under vacudm The tot al yi el d of
the pure (97% acc. to NWVR) Q%?m,-kbveyda 2'd

g. 4

9

generation catalyst is 60%Y |, 13.06 g). 20
The first fraction (FRACTI r silica gel
filtration and filtrates aftér crystallization of the
second fraction.(FRACTION I1) can be3conbi ned and"
recycled in next preparations of the catalyst. 18/23
VWHAT WE CLAI M wherein Lis P(R11)3; R11 isCl_6-alkyl,
C3_8-cycloal kyl or aryl; or Lis a ligand of fornula
7a, 7b, 7c or 7d; RO R'R’ :
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7)-( 8iiir-CRNNRNNR s N" 7b7c7d 7a R7 and
R8an each i ndependently 1-1, C2.6-al kenyl or phenyl,
wherein the phenyl is optionally substituted with up
to three groups independently sel ected from

Cl. 6-al kyl, 0O-C1.6-al kyl or hal ogen; RO and Rl9are
each independently H, Cl.6-aliAzl3 C2_6-al kenyl or
phenyl, wherein the phenyl is optionally substituted
with up to three groups independently selected from
C16-al kyl , 0-Cl. 6-al kyl or hal ogen; or R9 and

R19t ogether with the, car ons to which they are
2-attd%ﬁ%e%%°°86£’fﬁ E)ect&a'%opgg?r%tna carbocyclic-3 to 8

menbrtied ri ng;H ¥Capdikyorarylal ogen nis an integer from

1to,3 d Rlh { ng of hal ogen,

NOZ,)éfﬂ‘?%al oa|%§|e%g@@e§‘?“'soz- R2, PO(R9)?2,

0-Cl.6-al kyl or aryl, while aryl may optionally be

substituted by a group selected from anong hal ogen,

Gicalkyl and 0-Cl.6-alkyl; or in the event that nis
31, ahpmcER 4@Brding to claims 1-2 wherein.

Lis PCys or a ligand of formula 7a, 7b, 7c or 7d;
Cyis cyclohexyl;
X and X' are each chiorine.
4. A process according to claims 1-3 wherein
Lis a ligand of formula 7a, 7b, 7c or 7d; and

-19-



18a/ 23 Radenotes Cl4-al kyl, Cl1_6-hal oal kyl,
C3_6-cycl oal kyl or aryl, optionally substituted by a
group selected fromanmong F, C, Br, |, Cl_6-alkyl,
0-Cl_6-al kyl, NO2, CN, CF3, OCF3 or :
0- C1_6-al kyl carbonyl ; via exchange with a Iigand of
formula 5 wherein Ris CH3anggRt3andn has the above
gi ven neani ng, with conmpound of formula 3. 19/23 A
process according to claim1 wherein R2 isH,
-Cl_6-alkyl or aryl; X and-X are each hal ogen. 3. A
_process ording t : FriMEth@iphenyl.
Ilga*rpﬁeia orrﬁf?%"?%?ﬁaﬁ%@cégr?d rﬁ%ﬁﬂaé}?yhs-gﬂ%agﬁexyl P ¢
X and X are each chlorine. 4.A process according to
clains 1-3 wherein L isa ligand of fornula 7a, 7b, 7c
and _ 20/ 23, R7 .and R enyl, 2,
5.6. d.mqqmﬁemnufafwzm s 80T

Mes— N N—Mes

U_:
R’ In
_Whefein Mes is @ mesityl group,

n is an integer from.1 to 3 and
R’ has the meaning of halogen, NOz, Cye-alkyl, C1.6-haloalkyi COOR?, SO~

R®, PO(R?),, O-Cy¢-alkyl or aryl, while aryl may optionally be substituted by

CIH R

6.1

a group selected from among halogen, Ci.s-alkyl and O-C4¢-alkyl;or

in the eventthat nis 1, also CO-R%’ o '

R® denotes Cqs-alkyl, Cig-haloalkyl, Cse-cycloalkyl or aryl, optionally
substltuted by a group selected from among F, Cl, Br, 1, Cisalkyl,
O-C,¢-alkyl, NO,, CN, CF3, OCF; or 0—01,5-a!kylcarbonyl

via exchange with a ligand of formula 5
' R

\( (R‘l)n
5
wherein R is CH; and R’ and n has the above given meaning, with compound of

formula 3.1.

. -20-



5. A process for manufacturing a conpound of fornmula
6.1 rTh Mes-N NNMes Cl 4" Ru_ Cr. --1/ a. (121)n 6.1
wherein Mes is a nesityi group, nis.an integer froml
to 3 and Rlhas the neani-ng of hal ogen,
NO2, Cl. 6- hal oal kyl , COORa, SO2- R2, PO(R8) 2,
0-Cl_6-al kyl or aryI whi | e &1#23mﬂy optional ly be
substituted by a group sel ect ed from anong hal ogen,
d _ral kyl and 0-Cl_ral kyl; in the event that nis
1, also C0-R8; Radenotes Cl -al kyl , Cl1_6- hal oal kyl,
- Oweycl oal kyl or "aryl, opti onal |y substltut ed by a
group selected fromanong F, d, Br, |, Cl _6-alkyl,
0-Cl_6-al kyl, NO2, CN, CF3, OCF3 or
6.0- Cmp@cgsg émr)ttlmyto okiims dxte Bawhereit thi temperghifeidéing the
f or mul rel n §ow3| ﬁl—@ and Rl and n has the
abO\Fé‘cs?Rﬁ’@r{e 190 MBI 'R Conpound of fornula 3. 1.
21/ 23 6. A process accord| ng toclainms 1 to 5,
wherein the tenperature during the exchange reaction
i's bel ow 120C. : _ ‘ ,
7. A process according to claims 1 1o 6, wherein the figand of formula 5 is used in

over 3-fold excess compared to the catalyst 3 or 3.1.

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

sequence of crystallizations from the following solvents: EtOAc, CH,Cl, and

methanol.

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

after the reaction.

0. A proce'sé according to claims 1 to 9 wherein

n is1and . _ :
R? has the meaning of halogen, NO,, CO-R®, COOR?, SO,-R? PO(R?), and

R? denofes Cys-alkyl, Css-cycloalkyl or aryl, optionally substituted by a
group selected from among F.Cl, Br 1, Cig-alkyl, O-C,5-alkyl, NO,,
CN, CFs, OCF; or O-Cyg-alkylcarbonyl.

11. A process according'to claims 1 to 10 wherein
n is 1 and
R’ has the meaning of NOZ
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7. A process according to clains 1 to 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 the product is
obt ai ned t hrough a sequence of crystallizations from
the follow ng sol vents. EtQ@&/23CH2ClI 2 and net hanol

9. A process according to clainms 1 to 8 wherein the
excess of ligand 5 is recycled after the reaction.
10. A process according to clains 1 to 9 wherein

42N shaﬂ}gcégglaasorﬁh@ toemayioi0 watregen, NCO2, CO-| 2,
COOFe

802- PO(Fn2 and Radenot es Cl4-al kyl,

C3. 6- cycFSobP'Péi/I or aryl, optionally substitut ed by a
gr ogp sehgs iRinbaniy sNOORFCOOR®, B0:-RF, PAREhlERY|

CF3, OCF3 or 0-Cl_6-al kyl carbonyl. 11. A process

accordl ng to claims 1 to 10 wherein island Rlhas t

he
neani ng ef Nogenotgg/cg§amg| Chs-pyainatkyboraargloprfiong!i wbstltuted by a
clainms Ito 10 wherein Ian a _Aq_Qkvl or CE
COR2. COORa, OGP TGS 5‘05%5% &, G gl U0 Ayt or OF:
Cl4- al kyl, C3_6-cycl oal kyI or aryl, optionally
, substituted by a group sel ected from anong F, d.
Cl 6-al kyl, 0-Cl_ral kyl or CF3.

13.

14.

15.

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

) PCy3
CI Iy, R

\(Ob

via exchange of the PCy; Ligand with

1

+ ‘ -
Mes—N\?N—-Mes BF,

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

- A process according to claim 13 wherein the base is potassium fert-pentanolate or

petassium tert~-hexanoate.

A process according fo claims 13 or 14 wherein the phosphine scavenger is CuCL

.D9..



13. A process according to one of the clains 5 to 12,

wherein the conpound of fornmula 3.1 is nmade froma

compound of forrmula 1 via exchange of the PCy3 Ligand

with + Mes-N N-Mes BET, in the presence of a base and

a phosphi ne scavenger in ﬁgig%table solvent. 14. A

process according to clai wherein the base is

pot assium tert-pentanol ate or potassium

tert-hexanoate. 15. A process according to clains 13

or 14 wherein the phosphine scavenger is Cud. 23/23
16.16. AR BIcR6 8860raing @ Baings 1Dtcct Bwhareihdhe solvgnhineslested from -

the solvent is selected fro
e psepuin s  SPRBTP RLPLR B RS, ke

tol yenRne 268 %ﬁi&ére%rtﬂer@bﬁ(bwf@&btyhelnemaﬁe pr ef er abl y
n- hexane 17. A process according to clains 13 to 16 .

wherein the crude reaction product is purified by
crystallisation from nethanol.

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

purified by crystallisation from methanol.
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