WD 20071025693 |' WEP2006/ 038398 Process for the
production of anilines The present invention relates
to a process for the am nation of ortho-bicycl opropyl -
substituted hal obenzenes and al so to internedi ates of
ss, Otho-bicycl opropyl.substitut
\g??ﬁ?@g%gguch as, for exanple, 2-bicyci oprop&%@ﬁ)ﬁﬁ%gg”s
phenyl anmi ne are val uabl e i nt ernedi ates for the
preparation of fungicides such as those described,
for exanple, in WO 03/074491. In general terms,
anilines can be prepared from hal obenzenes by neans of
Ppalebaifdr the proditctidry sfehilice®ss- coupl i ng reacti ons. Such
pal | adi um cat al ysed cross coupling reactions are
described in the folloi,4ing sunmary articles:
ThR AEAsBRINENtiqny @éﬁ*ﬁﬁptmalr&@ne@ quﬂaﬁrgmagsonfqilonhebgmwopyl-
sﬁ)@ﬂ“ﬂ&ﬁha‘?@be\@énes%nd Jagélo %@e?ﬁ:edlggg%f thAPRHoB&Ys
O ganonet al | Cheni stry, 6, 125- 146, 599 and
Jour nal of Ckganonetalllc Chen1stry, 653, 69-82, 2002,
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that direct preparation of

c ro p pr ry
VRS esvaﬂlgl"eﬂag@?%’raées fohibe @fwtloméwna@wdﬁ@such as those

d@aalnbadlfcorraxembal mse0 o3/073sscoupl i ng, primary anilines
have to prepared fromthe correspondi ng hal obenzenes

in synthesis procedures conprising at |east two
Insdemg e terBacAniliaes van Isd ptgﬁarpd frogstmldbehzdnae bp lhﬁéaaé at peﬂlﬁdlum
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deBHogtinghe {oiewsin@stremeryldrticlesStiasdtenok of DI@dno;@aﬂl}adl(IB\}Clﬂﬁ)lstry for

Rt o e e
147, 1989 and épt(rme)l of Ogaperaetallipi@iheinistryr 6%, 62-88r2008dT hecbamind
dlgadv%ntabgB?ﬁall%@hﬁv—ca‘t‘eﬂy%ég%Fds%%ﬁﬂm@rls #YLSIc pebSation of primary

anilines is not possible.
Therefore, when using palladium-catalysed cross-coupling, primary anilines have to prepared
from the corresponding halobenzenes in synthesis procedures comprising at least two

stages.

Such a two-stage process for the preparation of ortho-bicyclopropyl-substituted primary
anilines, using imines as nucleophiles, is described in WO 03/074491 (see Scheme 1).
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cycl opropyl, are am nated in a twd-stage reaction to
formthe correspondi ng 2-(2-
vaoremopisesey| ) cycl opr opanees (0). For that purp@Igr2006/008398
firstly benzophenonei m ne, sodium feet butanol ate,
tris(di benzyli dene-acetone)di-gal | adi um (Pd2dba3) and
racemc 2,2'- bls(diphenyl phosphine)-1,1'-bnaphthyl ("
BINAP') are added. In the second reaction step, the
Ae@ﬁmhg tdwo o6/0es194 Boubatiteteti Qa(gtr@d;p%ﬁ)ln)cy&&ﬂroﬁﬁ@@m Rrmula (A),
B &a%nne and odlu acetate to form
PR (o MO ey T 8% yer Bihiseee suhstitodas
cﬂldpddi;tyh are mlnhwdnw thd»lﬁ@d reaktidn to form the correspondlng 2- (2-
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preparation of primary anilines is not suitable for
t he | arge-scal e preparation of
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{4491, Mogfly)élé d t¢ the ipiRgtiomeidhe lege fe@qtl\@fbut more economlcally

pradetipo2bihyepheny Iy bpsphsdsi i ugﬂ%mié mary anilines which
avoi ds the above- nentioned di sadvantages of the known
process and nmakes it possible to prepare those
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I 02 Z. (1) ~I NH WD 2007/02993 PC [/ EP2006/ 008398
The problem of the present invention is accordingly to provide a new process for the
preparation of ortho-bicyclopropyl-substituted primary anilines which avoids the above-
mentioned disadvantages of the known process and makes it possible to prepare those
compounds at economically reasonable cost and in easily manageable manner in high yields
and good quality.

The present invention accordingly relates to a process for the preparation of compounds of
formula |

NH



wherein R, R7 and R3 are each independently of the

ot hers hydrogen or C, -C4al kyl, which process

corrpri ses a) reacting a conmpound of forrmula Il wherein

R, R7 and R, are as defined for formula | and X is
chlorine, with a conpound of for

‘gquﬁseég%l n R4 is hydrogen or Cl-4al kyl, %TﬁEPk[;%/OOS”S

presence of a base and catal yt4c anmounts of at | east

one pal | adi um conpl ex conmpound, to form a conpound of

formula IV ?z RR-0 RS RI(IV) I~ . ~f. wherein

q%mlr%eﬁ%ng ?aéei%%rﬁn%qgndl gﬁ %ersn d?c{gg%m%?c?t()?aellzyl which

pEsuRpOLdtiprisesi Ng a reduci ng agent, into the conpound of

ior nEI al. Cogpgténdsl f formula occur in various

as [ePHY] 3 BB RYPO1EY"aNhi ch are described in fornul ae

l,. 1,,, Ili, and li,: WEB 20078925693 PC"

| EP2006/003:398 / \ # N2 " R/f~.. RGt't ~s is L

11F~3 t NH 2 2

(1),
X

wherein R;, Rz and R; are as defined for formula | and X is bromine or chlorine, with a
compound of formula 1l

NH,
4 (1,
wherein R, is hydrogen or C,-C,alkyl, in the presence of a base and catalytic amounts of at

least one palladium complex compound, to form

a compound of formula IV

R; V),

wherein R, Rz, Rs and R, are each independently of the others hydrogen or C,4-C,alkyl; and
b) converting that compound, using a reducing agent, into the compound of formula 1.

Compounds of formula | occur in various sterecisomeric forms, which are described in
formulae ||, l||, |||| and ||v:



J.1 R t't v ~fT3 The process according to the
i nvention includes the preparation of those
wei®iees@eneric forns of fornulae 1B, 1g, |"3caasbhoyssos
wherein Al, A2 and R3 are as defined for fornula I
and the preparation of m xtuses of those
stereoisoneric fornms in any ratio. The process
according to the invention is suitable preferably for
the preparation o conmpounds of fornula | wherein R
'S hydrogeanq . al kyl and R2 @ndj\R3 are hydrogen.
The process a¢co g to the inve IS suitable
preferably for~y¥he preparation o gonpounds of
formula | wherghn.4 is hydrogerHpr 1 and R2 and

R3 are hydrogen.: Jhe process accord
invention is sui @bl e,especially for theRr pariati on
of conpounds of r a 1l wherein R, any R j are

hydr ogen. Cdnpounds rf fornmula | wherein X is bromne

are preferably used in the process according to the

i nvention. Conpounds of formula f erein Xis

chlorine are preferably used in t ocess accordi ng

to the invenyie /V[K20071325693 P29061008398

Process step @) ) JRal Vadi um conpl nmpounds which are

used in proces$, (a) are fonNhd fp\oma palladi um

precur sor and at\ |eg ome suitable I9gand. In process

step (a), the paltadi conpl ex conpl €; are

preferably present’ ih dssol ved forma R,

palladiun}liéand conpl exes. In the conte of the

present invention, palladi um conplex conpoufds are

r . : ,
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formsqaf i(qma@ydw gs'lh and hd whetaimBarRe a9H dbyste aedefingr éor formula 1, and the
prépratdtRf iof M @EP bekoSLLPRBRES AR RS itksfdas al ready

formed conpl ex conpounds in process step (a) or are

formed in situ in process step (a).

The process according to the invention is suitable preferably for the preparation of
compounds of formula | wherein R; is hydrogen or C,-Caalkyl and R, and R; are hydrogen.

The process according to the invention is suitable preferably for the preparation of
compounds of formula | wherein R, is hydrogen or methyl and R, and R; are hydrogen.

The process according to the invention is suitable especially for the preparation of
compounds of formula | wherein Ry, R; and R, are hydrogen.

Compounds of formula 1l wherein X is bromine are preferably used in the process according
to the invention.

Compounds of formula Il wherein X is chlorine are preferably used in the process according
to the invention.



In order to form pall adi um conpl ex conpounds, a

pal | adi um precursor is reacted with at |east one
suitable ligand. In the event of inconplete reaction,
it can be the case that m nor anounts of palladi um

RSB 3803 OF of ligand do not dissolve in thqwﬁggﬁh%@&mm

m xture. Suitable palladium precursors are pa
acetate, palladiumdichloride,gpalladium dichloride
sol uti on, paadi ung (dibenzylldene-acetone)3 or

pal | adi um (di benzyl i dene- acetone)?2, pall adi um

lgrS% {Sglé;es(b_ri phenyl phosphi ne), pal | adi um on-car bon,
= di chl orobi s(benzonitrile), palladium
F(ailladiismtcemplelxln:bmbp\hmiSMHiaeéré used iialpﬂ(boetslstep of) ap@lokaed 1#6M a
| e)3_and pa i um ,
e B Bt RN T a8 B B Bhoss samutal g patleciom
cpmptexa;pmpphesgielmderlabb;mnm;n inidisshieédfoorn e [pattadi.an-bgare complexes.
| i gands or phosphinic acid ligands. In the context of

the present invention, tertiary phosphine |ligands are
I ths-contextiefdhe preeent wnmdmnpdtadlunmmmmmqnmspdu are expressly
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nmonod entate | 'S un and
celpdoee H?&;CM?@ @@déﬁ@nmmnﬁwswm@ of the pall ad| um
centre. A "bidentate ligand” is understood to be a

_IJi% Ead which is able to occupy two co-ordination
SP PALAYYM CHBPIBRFPRRAUIAS Beibrdisamhas plkeasy dsmer sgmplex compounds in

pepabbiep ¢d) or ahabtddg il Raddsadieduat om or pal | adi um
ion. Exanples of tertiary phosphine 1lgands are: (A)

nonodentate tertiary phosphine |igands: WO
Ir?@ﬂ@r?t’o@@rﬁﬁ%la&’lﬁfﬁl @H&M&oﬁ%ﬁ% a-p@lladium precursor |s reacted with at least

bé% e I@lré or a v% e‘g QC@) LeI_TBEEclE)ont ?fgg?ge ﬁ"% case 'fhat minor

amopnr@-qf palgahmphprepheor@r ()f Iig(ao)i doland&solve in the reaction mixture.
tris-cycl ohexyl - phosphene ("P(Cy),"), 2-de-fert-butyl-
phosphi no-1, 1' - bsphenyl ("P(tBu, 2BrPh"),

Sgﬁaﬂl%pellaéwg)(@;pctpmg gt priladium' acgta&q;lpellgdium dichloride, palladium

dlchiBli&y s ARidRNpal diumn; (dibenzyl -
3 2-Id| St ohp a I§m2( i %nﬁ%rdfne acetgne)f or palla%lum (leerlzylldene
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dhulbsdbrsdberizoﬁﬂiwfﬁﬁllk{dhmﬂf(ﬁ’ﬁﬂ@f?;ﬁ @tyﬁ)hos?fhtn%)ézjcfr b iR ot pall&ium,
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Suitable ligands are tertiary phosphine ligands, N-heterocyclic carbene ligands or phosphinic

acid tigands.

In the context of the present invention, tertiary phosphine ligands are sub-divided into
monodentate tertiary phosphine ligands and bidentate tertiary phosphine ligands. A
"monodentate ligand” is understood to be a ligand able to occupy one co-ordination site of
the palladium centre. A "bidentate ligand" is understood to be a ligand which is able to
occupy two co-ordination sites of the palladium centre and is accordingly capable of
chelating the palladium atom or palladium ion.

Examples of tertiary phosphine ligands are:
(A) monodentate tertiary phosphine ligands:



(Bl1) bi phosphene eigands: (81.1): ferrocenyl
bi phosphi ne |igands such as, for exanple,

wWR(20pmatesoBent - butyl - [ 1-[ (S) - 2- PCT/EP2006/008398
(di cycl ohexyl phosphi nyl )ferrocenyl |, et hyl j phosphi ne
("Josi phos 1") (8)-1 [(B)-2-¢éi-cycohexyl- phosphi no)
ferrocenyllethy- d t- terP-b aty Ephosphi ne,
raceric

tndbnb F—pH@iéthe [tﬁféﬂb&tﬁtwsﬁmwm@m&éi@'zﬁaggﬁewl tris-

o By oes R { BisTebr t&%ﬂoﬁa&%ﬁe&p@ym&mewgm Siclertputyl-
pHbepisiAd- hd‘bl@d)hdnp CFS(EEB) B3P h szzsdeh@w%hhsd%mw 1'lb|s(pheny|

(' &@gﬂ"’hl ))cgtzﬁgz}cyﬂcg:hgx@or}ogprﬁn%jg|,4 ,8 Wls&p@g}g It plspperyl ("x-Phos"), tert-

butyi@iemadarilalﬁtil-p(rﬂspmﬁé (‘\'P(tBu)(Adam)Z“) or

B?thg}ng ,Qa;y}g)%@%é) ;@_et hyl - de- ort ho-t ol yl phosphi ne

race
(B1) biphdspbipndilipdretsy | phosphi no)ferrocene ("dppf' ")

BT FH( gqu' bﬁ@*%@ﬁ%%ﬁgg Bty i FE‘%'{&@%C]% g o pL(S)-2-
(dishiestyepRbeIphiniiter pmﬂﬁbyllphosphlne ("Josiphos 1")

[ 2- (dephenyl phosphi no) f errocenyl ] eet hyE-di cycohexyl pho
sphine, R 1-[(S)-2-(2_- enyl - \b

phosphl nophenyl I ferro etmﬁc f

but yl phosphi ne or (81.2): bi ma@ h{FFHbi sphosphi ne
i gands such as, for exan'ge P
2,2"'-brs(dephenyl phosphin 1, 1" - bi napht hyl

("Bl h1AP"),
R-(+)-2,2"-his(di t ol yphosphi no) - 1, 1' - bi napht hyl
(' grol) - Bt NAP") , ( r age p S)B (dlcyc?ohen(yl P y

2.2' - bis(de-p-tolyl phB® yilethy napht hyE

(""racem c Tai - BI NAP") ; or;ﬁg%% gﬂz - X693
ragenyig gpmmmtgqglcycltyhe(xylgnos{p)unyl)ferrocenyl]ethyl]phosphme ("racemic
Jo%rpﬂog'l "er(hg-H th;) 551 @rﬁmlﬂ?ﬁgﬂﬁ é@ﬁﬁqﬁg%){}ggﬁﬁg{onﬁ&%l&lphosphlne

(62) amno
("J03|phos 2") ) P
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(R)-1-{(S)-2-(di- tert-butyl-
;phosphino)ferrocenyl]ethyl-
di-o-tolylphosphine,

racemic 1-(2-(di-tert-butylphosphino)ferrocenyl)ethyl-di-ortho-tolylphosphine ("racemic
Josiphos 2"), 1,1'-bis(diphenylphosphino)ferrocene ("dppf"), 1,1"-bis(di-tert-butylphosphino)-
terrocene, R-1-{(S)-2-(diphenylphosphino)ferrocenyl]ethyl-dicyclohexylphosphine, racemic 1-
[2-(diphenylphosphino)ferrocenyl]ethyl-dicyclohexylphosphine, R-1-[(S)-2-(2'-diphenyl-
phosphinophenyl]ferrocenyl)ethyl-di- tert-butylphosphine or
(B1.2): binaphthyl bisphosphine ligands such as, for example, 2,2'-pis(diphenylphosphino)-
1,1-binaphthyl ("BINAP"), R-(+)-2,2"-bis(di-p-tolylphosphino)-1,1'-binaphthyl ("Tol-BINAP"),
racemic 2,2'-bis(di-p-tolylphosphino)-1,1'-binaphthyl ("racemic Tol-BINAP"); or



(52.1): biphenyl ligands such as, for exanple,

2-di cyel ohexyl phosphi no- (N, N-

6net hyl am no) - 1, 1" - bi phenyl ("PCyZNNEZBiPh") Me; P

PCyz PCy2-NMe,-Binh 2-di sycl ohexy'" phosp

N-di n) et hyiarnlno)-1,1 -biphenyl or

‘gogﬁﬁPérgﬁbut+y+lphosphno (N, ht d|methylamnPCT/f:PiO%/008398
- bi phenyl |, "P(tBu) 2NW e2Bi Rly'). Exanpl es of

N- het erocyclic carbene |igands are:

1, 3-bi s(2, 6-dlisopropyl phenyl )i m dazol i um chl ori de

1 b Ebat i BeriienlondsRisRRRPEN PREAos) o
(B2) 2nthricphisgdtentigabys:) | i ni dazol *um chi ori de (1-Ad") or

epyl ari.de (“Ve")
AR R S R T S U e
db\ﬂiwlamh@)shlffhwleoxll(U%CszMeEB«Elnf‘ml e of a palladium
conpl ex conpound based on a "pall adacycl e" and
secondary phosphine is a conpound of formula A-1: WO
2{) 071025693 P "I ( P211 (L)MB3¥
Pd-Cl wherein "norb" is
descri bed in SYNLETT, 2 2
the designation "St{- 2 21 n.

PCy,-NMe,-BiPh

2-dicyclohexylphosphino-
(N,N-dimethylamino)-1,1"-biphenyl

or 2-di-tert-butylphosphino-(N,N-dimethylamino)-1,1"-biphenyl ("P(tBu),NMe,BiPh").

Examples of N-heterocyclic carbene ligands are:
1,3-bis(2,6-diisopropylphenyl)imidazolium chloride ("I-Pr")

N,—\._
N

Cl

I-Pr
1,3-bis(2,6-diisopropylphenyl)
imidazolium chloride,
1,2-bis(1-adamantyl)imidazolium chloride ("I-Ad") or 1,3-bis(2,6-methylphenyl)imidazolium
chloride ("I-Me").

An example of a phosphinic acid ligand is:
di-tert-butyl-phosphine oxide.

An example of a palladium complex compound based on a "palladacycle" and secondary

phosphine is a compound of formula A-1:



A further exanple of a palladi um conpl ex conpound
based on a "pall adacycl e" and secondary phosphine is
wa 0onpepd of formula A-2: Ay t . '-~ PdCl Ap@)/EP2006/608398
Compound A-2 is described in SYNLETT, 2549-2552, 2004
and is given the designation-8*SK-CCO2- A" therein.
Exanpl es of pall adi um conpl ex conpounds usi ng
phosphinic acid |igands are described in Journal of
Organic Chem stry, 66 86730&681 and are given the
desi gnati ons " POPd", ROoPd2" .Bnhd " POPD1" t her ei n.
Exanpl es of palladiu o[plﬁdeUﬁbounds usi ng
N- het erocycl i c carbeneg i gdde! are: (A-1),
napht hoqui none-. 1, 3- bis( 2,Mp=4l,i sopr opypheryl )i m dazol -
2-yi dene- palladlun1( 12") WO 2007, 1025693
PCTI EP2006r 008398 _1a IPr)2
napht hoqui ncne”1, 3-b s= (2,6-di isopropyl ph:anyl)irn
wHe@@K hofo™ib nbrb@ﬁﬂﬁ‘cﬁﬁvlpohndiﬂh i8l Elélscrlbed in SYNLETI' 2549-2552, 2004 and

U|n | - Eeirar si |l oxane-1, 3-bis(2,6 dllsopropy ph
is Q‘HWS rﬂea'a%‘rmgggfr‘%a‘&n/é 18 di ur n ("Pd- VTS-IPr") t'

t' r.yi” | Pd-VTS. | Pr dIVI
A %L%rt %ﬁlafr@ (%f%ﬁ%ﬁérﬁggm%é@@pound based on a "palladacycle” and

secondary phosphine is a compound of formula A-2:

Lo A

Pd—Cl

(A-2).
NMe,

<=

Compound A-2 is described in SYNLETT, 2549-2552, 2004 and is given the designation
"SK-CCO02-A" therein.

Examples of palladium complex compounds using phosphinic acid ligands are described in
Journal of Organic Chemistry, 66, 8677-8681 and are given the designations "POPd",
"POPd2" and "POPD1" therein.

Examples of palladium complex compounds using N-heterocyclic carbene ligands are:
naphthoquinone-1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene-palladium ("[Pd-NQ-IPr],")



2-yi dene-pa;iaoiu m
1, 3-bis(2, 6-dil sopropyl phenyi )i m dazol -2-ylidene-pall a
diumdichloride ("Pd-01-1Pr"), 1, 3-

bi s(2, 6-di i sopropyphenyl )i m dazol - 2-yl i dene- pal | adi um
Woeeetiates (" Pd- CPAs-1Pr"), ally)-1, 3-
bis(g%%fglisopropylphenyl)inidazel-z-ylidene ?%RﬁP%?ammum
chloride ("Pd-FBI-C -1Pr") or-@- compound of formula

4-3: PR) 20071025693 PC rt EP2006! 005395 JJ P ' r C
wherein R5 is 2,6-ddi sopropyl phenyl or

2,4, 6- frlnethypheny [Pd-NQ i Pr]a, Pd-VTS-IPr,

Pd-C -1 Pr and Pd-A-0-!Pr are described h Crganlc
Letters, 4, 2229-22B1, 2002 s SYNLETT, 275-278,
2005. The conpound i'§ described in
Organic Letters, 5, - 12€ ~ el pal | adi um
conpl ex conpound or ' e | 1 adi um conpl ex
conmpounds may be u ss—gcclording to the

i nvention. For formn nm conpl ex
conpound, preferenc e,| as

pal | adi um precur sor ahl adi um a etate, pal adi ur ns

(di benzyl i dene- acet png 2
(di benzyl i dene- acetone)2 pal | adi um di chf-ori de
solution or a m xture of pad&uﬁ;ﬁﬂ

(di benzyl i dene- acet one and aIIadlum
(tris-tort- butylphoaH?% m° é preference is

given to the use of E ém T " or pall adi um
dichloride. At |east one I| |s used for formation
diyint-te&rapathy letixgne-d chips(@6- @@ﬂmmmenwvmid@zelre:ﬁudeeeganaemm ("Pd-
wWis-fphe use of pal | adi um conpl ex conpounds which

conprise at |east one |ligand selected froma

nonodentate tertiary phosphefié\l i gand, a bidentate

tertiary phosphene 1|igand 3 an\N- het erocyciic

carbene |igand. Preferences given to the use of

pal | adi um conpl ex conpound Apr |
one |ligand selected fyo
dgand, a rnonodent at e,t&rt [ 3{
bi dentate tertiary phosph
froma ferrocenyl

ne ligand and a
i ch is selected

Pd-VTS-IPr

divinyl-tetramethylsiloxane-1,3-bis-
(2.6-diisopropylphenyl)imidazol-
2-ylidene-palladium,

1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene-palladium dichloride ("Pd-CI-IPr"), 1,3-
bis(2,6-diisopropylphenyl)imidazol-2-ylidene-palladium diacetate ("Pd-OAc-IPr"), allyl-1,3-
bis(2,6-diisopropylphenyl)imidazol-2-ylidene-palladium chloride ("Pd-Al-CI-IPr") or a
compound of formula A-3:



bi phosphi ne Iigand, a bi napht hy bi sphosphi ne |igand

and an am nophosphine |igand. Preference is given to
widigoysRenf pal | adi um conpl ex conpounds whi ch pe@mPEd0s68398
at | east one |igand selected from
tri-ferf-butyl-phosphene, P(1Bw 3H3F4, P(oTol),,

P(Cy)3, P(tBu)A3iPh, P(Cy)2BiiPh, x-Phos,
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Preference is given to the use of palladium complex compounds which comprise at least one
ligand selected from a monodentate tertiary phosphine ligand, a bidentate tertiary phosphine
ligand and an N-heteracyclic carbene ligand.

Preference is given to the use of palladium complex compounds which comprise at least one
ligand selected from an N-heterocyclic carbene ligand, a monodentate tertiary phosphine
ligand and a bidentate tertiary phosphine ligand which is selected from a ferroceny!
biphosphine ligand, a binaphthyl bisphosphine ligand and an aminophosphine ligand.

Preference is given to the use of palladium complex compounds which comprise at least one
ligand selected from tri-tert-butyl-phosphine, P(tBu);HBF,, P(oTol);, P(Cy)a, P(tBu),BiPh,
P(Cy).BiPh, x-Phos, P(tBu)(Adam),, Josiphos 1, racemic Josiphos 1, Josiphos 2, racemic
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Preference is given to the use of palladium complex compounds which comprise the ligand
PCy,NMe,BiPh.

Preference is given to the use of palladium complex compounds which comprise the ligand
I-Pr.

Preference is given to the use of palladium complex compounds which comprise at least one
ligand selected from Josiphos 1 and racemic Josiphos 1.

Preference is given to the use of palladium complex compounds which comprise the ligand
racemic Josiphos 1.

Palladium complex compounds, palladium precursors and/or ligands are used in catalytic
amounts in the process according to the invention.

Palladium complex compounds are used preferably in a ratio of from 1:10 to 1:10 000
relative to compounds of formula Il, especially in a ratio of from 1:100 to 1:1000.



Sui t abl e anbunts of base for this reaction are, for
exanple, from1l to 3 equivalents, especially from1

to 2 equivalents. The reaction according to the
invention may be carried out in an inert solvent. In
WeaEriBed? rent of the invention, the reacti onPCT/EP2006/008398
according to the invention is carrled out in an inert
sol vent. Suitable solvents ard2-for exanple, a
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the reaction according to the invention is generally
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fo the I nvention, € reaction s car
butanolate.

When NaOH or KOH is used as the base, a phase transfer catalyst such as, for example,
cetyltrimethylammonium bromide may be used.

Suitable amounts of base for this reaction are, for example, from 1 to 3 equivalents,
especially from 1 to 2 equivalents.

The reaction according to the invention may be carried out in an inert solvent.

In one embodiment of the invention, the reaction according to the invention is carried out in
an inert solvent. Suitable solvents are, for example, a compound of formula V
/O\\//\\ //\\//O\
R 0] R
V),

wherein R is C;-Cealkyl, preferably methyl; dimethoxyethane; tert-butyl methyl ether;
pentane; hexane; cyclohexane; tetrahydrofuran; dioxane; toluene; xylene or
trimethylbenzenes such as, for example, mesitylene; and also mixtures thereof. A preferred

solvent is dimethoxyethane or xylene.



ni trogen atnosphere. Process stern bk A suitable
reduci ng agent for process step b) is, for exanple,
hydrogen in the presence of a netal catayst. Amounts
of reducing agent suitable for this reaction are, for
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The reaction according to the invention may be carried out in an inert gas atmosphere. For

example, nitrogen or argon is used as inert gas.

In one embodiment of the reaction according to the invention, the reaction is carried out in a

nitrogen atmosphere.

Process step b):

A suitable reducing agent for process step b) is, for example, hydrogen in the presence of a

metal catalyst.

Amounts of reducing agent suitable for this reaction are, for example, from 1to 5

equivalents, especially from 1 to 1.3 equivalents.

Suitable metal catalysts are, for example, palladium catalysts such as, for example,
palladium-on-carbon catalysts, or rhodium catalysts; special preference is given to palladium

catalysts.



i nternmedi ates. The process according to the invention
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-'15 b) conversion of the latter conpound into the
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especially suitable for that enbodi nent. Conpounds of
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especially suitable for that enbodi nent. The

r},"(S’F:ﬁnounds of formula Il wherein X is bromne are
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chl or
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pr 74491 for the correspondi ng conpounds of formula

wherein Xis brom ne. For exanple, the conpound of
formula Il wherein R, R2 and R3 are hydrogen and X

If étﬁtaﬁlglr%&igﬁcérﬁﬁmﬁg YRR tedl b corfduR® offb@RA4 ROoESined in reaction
shown I n Reaction
step a) can be directly reacted to form a compound of formula | without isolating

intermediates.

The process according to the invention is very especially suitable for the preparation of
compounds of formula | wherein R,, R, and R; are each independently of the others
hydrogen or C,-C,alkyl, by

a) reaction of a compound of formula ll, wherein Ry, R, and R3 are each independently of the
others hydrogen or C;-C,alkyl and X is chlorine, with benzylamine in the presence of sodium
tert-butanolate and catalytic amounts of at least one palladium complex compound, wherein
the palladium complex compound comprises at least one ligand selected from tri-tert-butyl-
phosphine, tri-tert-butyl-phosphonium tetrafluoroborate, 2-dicyclohexylphosphino-(N,N-
dimethylamino)-1,1'-biphenyl and 1.3-bis(2,6-diisopropylbhenyl)imidazo|ium chloride, to form
a compound of formula 1V, wherein Ry, Rz, R; and Ry are each independently of the others
hydrogen or C;-C,alkyl, and



Schene | and as expl ai ned by Exanpl es Al - A3 which
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reaction mxture is filtered and the phases are
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dra-t K- pyrazole: 250 g of ethanol are added to 188.6
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stirring. The reaction mxture is stirred at 70C for 2
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tf@ﬁOCf@Sﬁ q_ﬂscnbe n WO 03 074 81 for the corrésponding ompounds of formula ll
wherein X is bromine. For example, the compound of formula Ii wherein R;, R, and R, are
hydrogen and X is chlorine (compound no. Bf) can be prepared as shown in Reaction
Scheme 1 and as explained by Examples A1-A3 which follow:

Scheme 2:

Hac\”A '
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N H
cl Cl Cl

(B1)
Preparation Example A1: Preparation of 3-(2-chlorophenyl)-1-cvclopropyl-propenone:

67 g of 30 % sodium hydroxide solution are mixed with 350 m! of water and 97.5 g (1.1 mol)
of cyclopropyl methyl ketone and heated to 90°C, with stirring. 143.5 g (1 mof) of 2-chloro-
benzaldehyde are added dropwise to the resulting mixture and stirring is carried out for

5 hours. During stirring, after 2 hours and after a further 3 hours, 2 ml of cyclopropyl methyl
ketone are added on each occasion. After a total reaction time of 6 hours, cooling to 50°C is
carried out. The reaction mixture is filtered and the phases are separated. The organic phase
is concentrated. 188.6 g of 3-(2-chlorophenyl)-1-cyclopropyl-propenone are obtained in the
form of a yellow oil.

'H NMR (CDCl): 0.95-1.04 (m, 2H); 1.16-1.23 (m, 2H); 2.29-2.37 (m, 1H); 6.83 (d, J=15 Hz);
7.27-7.35 (m, 2H); 7.40-7.47 (m, 1H); 8.03 (d, J=15 Hz)



et hanol is added, whereupon a solid precipitates out.

The reaction mxture is cooled to 25C and is filtered

t hrough a sintered-glass suction filter and washed

with 50 g of ethanol. A yellow filtrate is obtained,
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'H NMR (CDCly): 0.0 - 1. 13 (m, 8H); 1.95-2.02 (m, 0.63H, trans isomer) and 2.14-2.22 (m,

0.37H, cis isomer); 6.88-6.94 (m); 7.05-7.24 (m); 7.31-7.42 (m)

Palladium complex compounds, palladium precursors and ligands as used in process
step (a) are generally known and, for the most part, commercially available.

The compounds of formula 1V are valuable intermediates for the preparation of compounds
of formula | and have been developed specifically for the present process according to the

invention. The present invention accordingly relates also thereto.

The present invention will be explained in greater detail using the following Examples:



benzyl am ne (23.4 mmol), 2.4 g of sodium

tent-butanolate (25 mmol), 35 ng of Pd() acetate

(0.16 mmol ) and 60 ng of

R( )-di-tent-buty+l -[1-[(3)-2-(di cycohexy@hosphanyl) -
ggﬁngi]ethyl]phosphlne (0.11 Mol ) are dbﬁ?&%&ﬁ@mm&m

of d’ rnethoxyet hane. The reaction mXxtur

heated to the reflux tenperatyse of the sol vent and |s

stirred for 24 hours. After cooling, ethyl acetate is

added and the organic phase is washed with water. The
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bifo%rdﬂf(ﬁﬁr)’d/&l@rtah?{bi MS@the (0.016 mmol) are dissol ved
in 30 mM of dinethoxyethane. The reaction mxture is

heated to 70C and stirred for 24 hours. After cooling,

Egdrhipik P@CBieahﬁﬂbﬁof tRAsac- blaﬂmpﬁzfpgmwl%rﬂhawmes washed
The usi n
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benaylafriireed( 1By rombijiret g of mdalrmga‘ramnamodnue €118 mmol)g&b mg of Pd(ll)
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ferfaeemyipthelinbosnitng (9 6immaelharefdigsnived inaBOomiaairinagthoxyethane. The
re(aEf ﬁ{}ﬁfxﬁlréxsr@%fegr_tj Q7 oRPHY stlﬁ'e&%or 4 hours. After cooling, ethyl acetate is
anp_ reparation o

Qd)'a@_glﬁﬁ ®iegNic phage.is whahpd Wil water. The sglpent is removed using a water jet
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carried out, with stirring, for 1 hour at room
tenperature. After conpletion of the reaction, the

Em__gié P8t Preparhtiont efreicyddprapyd2 yighesplamémet is r em)ved
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a%ha?igig%gjla@%%ﬁ%(ﬁdngé WRALAHABUD Fith 26rriRG, thNERSW hat oBm temperature.
After completion of the reaction, the catalyst is filtered off and the solvent is removed using a
water jet vacuum. The product is purified by chromatography on silica gel (eluant: ethyl
acetate/hexane 1/15). 0.61 g of 2-bicyclopropyl-2-ylphenylamine (92 % of theory) is obtained
in the form of a brownish liquid (trans/cis ratio of about 3:1).

Using the above Examples, the following compounds of formula | can be prepared:



in the formof a brownish liquid (trans'cis ratio of
about 3:1). Using the above Exanples, the follow ng

weonpoasgs of fornmula can be prepared: WB 200¢&4/xP296%s308
P Ti P 20061 110A:i43 Table 1: Conpounds of fornula I

Pig X -- -cmmmmmmmmmeam - Osp no R 2 Rs A i HH
H A2CHS HHQg - ------------ AS HCFI3 H A4 HH CH3
------- - --- CF13 CH3 H A6 CHa H Chi, rA7HC_HCt!
Tdble 1:- - - - - Go'mpounclsc')f-forn‘ﬁ&zif‘apHs CH @@CHs The follow ng

conmpounds of fornula i are suitable for use in the
process according to the inveRtion: Table 2,

Compounds of fornula 11 A, IR, X R R2 R3 BI
Ry
Ry
)
NH,

Comp. no. R, R, R,
A1 H H - H
A2 CH, H H
A3 H CH, H
A4 H H CH,
A5 CH, CH, H
A6 CH, H CH,
A7 H CH;, CH,
A8 CHs, CH, CHa,

The following compounds of formula Il are suitable for use in the process according to the
invention:

Table 2: Compounds of formula I}
H?
RS
Hi
Q)
X

Comp. no. X R, R, Rs
B1 Cl H H H
B2 Cl CH; H H
B3 Ci H CH, H
B4 Cl H H CH;




............. HH 62 Cl CH3 B3 HiFis H B4 CI| HH
CFE3 WC 420071025693 PC JEP2006/008398 19- - -- - ---
e e Conp no, X A FIt B3 B5 G C H3 CH3
Hi 136 CECH3 HCH3 B7 d HCH3 CH3 68 d CH3

Wh30iisB® Br EH" ..,.. H B10 Br CHH 3~Bl9.s o5
G+ H 612 Br Hf CH E313 Br OH3= OH3 H Bl4 far 5{5@%@&
CH3 - - -- -- ----i---------2q9:=- B15 Br H CH3 OH3

", B16 Br i,......... vye.,,_ f CH3 CH -4 CH3

Suitable internmedi ates for the preparation of

conpounds -W & !x ar-6 de&cri bed Rlzn Tablﬁe; 3.
B5 Cl CHa, CH; H
B6 Cl CH, H CH,
B7 ci H CHj CHj
B8 Cl CH, CHs; CH,
B9 Br H H H
B10 Br CHs; H H
B11 Br H CH, H
B12 Br H H CHs;
B13 Br CH; CHs; H
B14 Br CH, H CHs,
B15 Br H CHs; CHs,
B16 Br CH; CH, CH,

Suitable intermediates for the preparation of compounds of formula | are described in
Table 3:

Table 3: intermediates of formula VvV
R,
Ry
R,
_H
N
R (V)
Comp. no. R, Rz Rs Ra
C1 H H H H
C2 CH,3 H H H
C3 H CH; H H
C4 H H CHgy H
C5 CH, CH;, H H
Cé6 CH, H CH, H




Table 3: Internediates of fornmula IV t"TJ (I1V)
---------------------------- Conp no 6t, B2 6t3 B4 C1
wo Jdot2s¢ed CHS HHH CH3 HH " |, --------- - PCT/EP2086/008398
------ HI GGCHB CHBHH CO CH3B HCH3 .....,,,,,.

S - - WO 2E007/ 025693

PCT/ E22006/ 008398 20 etxrp gas- Ft~ 3 ~~la C 13 W~
~H3~-WH s.8 ¢ . KB OH3 f. C&I 09 HHHOH C10

~3 tl r[Cotmp.®bZ H R, TH3 CHR, AF a ggsulft ofgfhe
provi si onof the ppresent {inventipn | isl possible to
anEnat e of t h§7bi clycl sbr opyl Cslabst it §tsd hal obdnzenes
in high yrergg and Wa,n [T TEHg optT&p, The stgrting

conpounds|-of the lprocesslof the present ilnvention|are

di sti ngui she@9by [pei Hy H H CH,
ci10 CHs, H H CH,
C11 H CH;, H CH,
ci12 H H CH; CHs

As a result of the provision of the present invention, it is possible to aminate ortho-
bicyclopropyl-substituted halobenzenes in high yields and with little outlay.

The starting compounds of the process of the present invention are distinguished by being
readily accessible and easily handled and, in addition, they are economically priced.

In a preferred embodiment of the process according to the invention, the palladium used in
the process is recycled. This embodiment constitutes a variant of the process according to
the invention which is especially interesting from an economic point of view.

In a preferred embodiment of the invention, compounds of formula Il wherein X is chlorine
are used. The starting compounds of this preferred embodiment of the process of the
invention are distinguished by being especially readily accessible and by their especially
economical price. This embodiment accordingly constitutes a variant of the process of the
process according to the invention which is especially interesting from an economic point of

view.

It is known, however, that, under the conditions of palladium-catalysed cross-coupling, this
class of starting compounds, the deactivated chlorobenzene substrates, are especially
difficult to aminate because of the extremely low reactivity of the chlorine leaving group,
compared to deactivated bromobenzene substrates.

In addition, the yield is generally further reduced when using a primary alkylamine
nucleophile having a hydrogen atom in the B position such as, for example, the compounds
of formula IIl. This is due, firstly, to the subsidiary reaction of g elimination within the
alkylamine nucleophile to form the imine, an unsubstituted aryl being formed from the aryl
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position is therefore regarded as being extrenely
difficult because of the reduced reactivity and
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ligand selected from tri-tert-butyl-phosphine, P(tBu);HBF,, P(tBu).BiPh, P(Cy).BiPh, x-Phos,
Josiphos 1, racemic Josiphos 1, Josiphos 2, racemic Josiphos 2, PCy,NMe,BiPh and I-Pr.

Tables 4 and 5 describe yields of the amination reaction of chlorobenzenes.

Table 4: Yields of the amination reaction of chlorobenzenes

A mixture of 100 mg of 2-(2-chlorophenyl)bicyclopropyl (0.5 mmol), 0.085 ml of benzylamine
(0.78 mmol), 8 mg of sodium tert-butanolate (0.83 mmol), 1.2 mg of Pd(ll) acetate

(0.005 mmol, 1 mol %) and 0.0035 mmol (0.69 mol %) of ligand is prepared. 3 ml of
dimethoxyethane are added and stirring is carried out at 90°C for 16 hours. After cooling,
2.5 ml of ethyl acetate and 3 ml of water are added and the organic phase is extracted. The
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Palladium complex compound mol % Yield
Pd-Al-Cl-(I-Pr) 1 96 %
Pd-VTS-(I-Pr) | 1 96 %
[Pd-NQ-I-Prl, 2 97 %
[Pd-NQ-I-Pr], 0.4 95 %

In an especially preferred embodiment of the invention, there are used palladium complex
compounds having at least one ligand selected from an N-heterocyclic carbene ligand, a
monodentate tertiary phosphine ligand and a bidentate aminophosphine ligand.



Pdt aJAc)2 1 P(ti6u}iH>3~,~ 0 63 86 " Pd(QAc)2 1

P(tBu)2BIPh | 0.69 86% Pd(C..... 1 -Phan 0.69
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------------------ | -Pr 0.69 96%
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Yi el ds of the amination reactiogn of chlorobenzenes A
m xture of 100 ng of 2-(2-chl oropheny) bi cycl opr opyl
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S A OB ST BB LS o

ns:chtpmlemdn be meated with omall &mqnmts:lmtcpeﬂadu}h eopplbk adihpdmds whilst
SIRLES nEATRIM 3 eGP HERAS éE‘ Datare Sukstaniis viaduced. This
romtHe o iterature and ar REECREIEELIENEE

epﬂﬁOHmﬁnUmootdnglye&orsumm enceianh qf metprycdse atdveding®@ché dWention which
eﬁ?b’g maﬁy iter&tin ?omegrh%xgré%%?ﬁt edded and

ring 1's carried out at ours. After
coollng 2.5 mM of ethyl acetate and 3 mof water are

Tﬂg%?eéﬁ]f‘} ptrQ@rré’ci SRPbGimBhaR 913' Jﬁefe)fﬁ &t makBEit possible to use

he reacti on
ligrnsis ?@tﬁl%if eMakyHGPRA to: 0—’9!4&‘1‘%/@)@@9@@@@fqrmslayh (et flom

01l 46 I8, TR & iR ¥elARANS c@ﬁﬁgtﬁ’rﬁis“c}f‘f&ﬂgEQIg,rv@ﬂQtymalntalnlng high
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j T[t'dhlr-1 Prix 97 ,a [Pd NQi-Pr]Jt EL1.4 95% In

R Bt Lriehni® Bgfrﬁétfﬂ%g c@'@%‘z 171 375 B0s, Wie Beaovbed that
Josiphos 1 is suitable as a ligand for reactions of ortho-methyl-substituted chlorobenzenes,
using the ligand in a range of from 1:1000 to 1:10 000 relative to compounds of formula Ii.
Yields of 97 % when using Josiphos 1 in a ratio of 1:1000 relative to compounds of formula iI
and of 98 % when using Josiphos 1 in a ratio of 1:10 000 are described therein. The
mentioned reactions were carried out in a glovebox under a nitrogen atmosphere. A reaction
in a glovebox points to extremely sensitive reactants/catalysts. For large-scale production
operations, as are generally necessary in agrochemistry, glovebox processes do not
constitute economically viable preparation processes.

It was moreover found that this property of the ligand Josiphos 1 which was found in the
glovebox process cannot be readily transferred from the ortho-methyl-substituted
chlorobenzenes to ortho-bicyclopropyl-substituted chlorobenzenes. Instead it was found,
when using Josiphos 1, even at amounts of ligand of 1:700 relative to compounds of
formula 1, that the yield is reduced to 39 % (see Table 6). Similar ylelds were also found

when using Josiphos 2.

It has been found, surprisingly, that some palladium complex compounds are especially
suitable for this embodiment of the present invention (see Tables 6 and 7).

Table 6: Amination reaction yields with a reduced amount of ligand
A mixture of 100 mg of 2-(2-chloropheny!)bicyclopropy! (0.5 mmol), 0.085 m! of benzylamine
(0.78 mmol), 8 mg of sodium tert-butanolate (0.83 mmol), 0.24 mg of Pd(ll) acetate
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Preference is given to the use of palladium complex compounds which comprise at least one
ligand selected from tri-tert-butyl-phosphine, P(tBu)sHBF,, PCy,NMe,BiPh and I-Pr.

Preference is given to the use of palladium complex compounds which comprise at least one
ligand selected from PCy,NMe,BiPh and I-Pr.

Preference is given to the use of palladium complex compounds which comprise the ligand
tri-tert-butyl-phosphine or P(tBu);HBF,.
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B AR B e PR RofodtE and i 11 o d
Preference is-given-to the use-of {Rd-NQ-I-Rr}, oPBA-VT.S-(QP2 d3@aladidim Bbmplex
Cﬁr’ln sind: PdQAc t3 2 Jhog t39 ¢ EE p Pd OAc) 0. Josi

0% 'i({l 1t 128 ; Table 7: Am nation reaction
Rrefetetse isi givendo theduseed [RehidQrtPrifas piabpaiion fomplsx comepauind.

100 rtr:g of 2-(2-chorophenyl)bicyciopropyl (0.5

mrcl), 0.085 m of benzylamne (0.78 mmol), 8 ng of
Iy Y eRPEEia Rrpigtrad embadimept ligmnds @rmysedrmefprablyaua watio of from

1SGI0RY 1900POHRR to cme&ﬁwdé%?forrrﬁQIaWIaEélp'égiam%%% &P%rom 1:1000 to

gompound concentration is produced pal I adi um
1PEX S ATPBRIAYS & %"Op?fé’ﬁﬁ‘r BAOUSi 1P%r ocesses known

fromthe literature and are added
The ortho-bicyclopropyl-substituted anilines prepared by the process according to the
invention may be used in the preparation of fungicides such as are described, for example, in
WO 03/074491. In the course of preparation of an aniline of formula | wherein R, R, and R,
are hydrogen (compound no. A1), using the process according to the invention, the by-
products of formula 1A (compound no. C1) and of formula 1B may be formed and may
accordingly also be present in certain amounts in the form of impurities in the desired final

product:

N’H

o

1A B

By-product |A is formed on carrying out reaction step a); by product IB may be formed on
carrying out reaction step b).
When an aniline no. A1 prepared according to the invention is used in the preparation of the

fungicide IC



as already forned pall adi um conpl ex conpounds directly
to the reaction mxture. 3 m of dinethoxyethane are
VY gRd®AY stirring is carried out at 90C for PUG/HROUWNE08398
After cooling, 2.5 m of eth¥l acetate and 3 m of
wat er are added and the organ %‘phase is extracted.
The identity of the reaction product

benzyl (2- bi cycl opropyl - 2-yl -phenvl)am ns and its yield
are determ ned by nmeans of ga$>chromat ography.
f~atladlurrt conplex conpound l %"WIld [Pdf I~
Pr], d.y 90 % Preference is ven to the use of

pal | adi um conpl ex conpou ich conprise at | east
one ligand selected fro i-}@rt-butyl-phosphine,

P(t Bu) 3HBF4, PCy2NMe2Bi Ph Ry Preference is
given to the use of palladiu [ ex compounds which
conpri se at |east one I|gaﬁd QEI¢Cted from
PCy2NWe2Bi Ph and | -Pr. Preferenc® is given to the use
of pal | adi um conpl ex conpaounds mhpbh conprise the

SIETNH Y1 T

mgy therefere betpecagskindhe padited dingraidzosmdrexiacianpounds whi ch
conprise the ligand 2NMe2BBi Ph. Preference is
given to the use of p adi um conpl ex npounds whi ch
conprise the ligand i/-Pr. Preference |{s given to the
use of a conpoun ted fromPd-Al -Q: 1-1- Pr,
Pd- VTS-1-Pr and alladiun1conplex
conpound. Prefe

10PH) . |
| 'ven to use
[Pd-NQ 1-Pr]2 or Pd- V | NPr) as pag‘:ﬁgf‘gﬂ conpl ex

conpound. Pref erenye is gﬁben to the

[Pd-NQ | -Pr]2 as.pal | adi um”@onpl ex co In this
especi all'y preferred enbodi ment, iigands%g used
preferably in a ratiopof from1:10 OO0 to 1% 200

rel ative to conpounds of fornula 11, espeC|aIIy in a
ratio of from 1:1000 to



1: 200 and very especially in a ratio of from1:700 to
1: 500. The ortho-bicycopropyl -substituted anilines
prepared by the process according to the invention
may be used in the preparation of fungicides such as
are described, for exanple, in W) 03!074431. In the
course of preparation of an aniline of fornmula I
wherein Rl, R2 and A3 are hydtiogen (conpound no. Al),
usi ng the process according to the invention, the by-
products of formula I A (conmpound no. ) and of

fVoranisl deih®! immy be formed and may accordingly al so be
present in certain anounts in the formof inpurities
in the desired final roduct: 77 GS"T NI~ trZz
B~/ BRcpisodiie e PIeRa1ag0n o reenionng &f foyiiig ! out reacti on
step a); by-product Itd may be frormed on carrying out
reaction step b). Wen an aniline no. Al prepared
according to the invention is\yuse&in the preparation
of the fungicide |IC by nethodf such as are descri bed,
"or exanp e, in WO O VO74491/ \t he ur:t'e:s 1CO and
6w may therefore h*"s :r semf in the desired fungi ckl e
of ion-now IQII TE! J EE7 i~ f . Ap trceas
fur t he t , paratic , : a'CBﬁb Uld o? for u a !

- N
<f7rte|{1 Rh {n%aFQ aﬁe ez_jg’x ﬂd%}e@&erit@ o?the othm%yc&gg&ﬂ ‘?{ )Caalkyl;
Eﬁ@hpwﬂﬁmﬁsthnpn1nd of orrn ,I< If
a) reacting a.compound of formula Il

( 5 (m,

~ ‘;_(
wherein R,, R, and R; are as defined for formula | and X is bromine ‘or chlorine,

with a compound of formula 11

wherein R, Is hydrogen or C,-Cjalkyl,
in the presence of a base and catalytic amounts of at least ene palladium complex

compound, 1o form a compound of formula IV



when. n 2., Rand Rwe ast f ned for forma a -d ) ;

yrnmhier c: ili 4?5u?, o f: rrruh; f H. 1'r X-~r

| 7ff j, wherein Rio:. hydrogen or C -C, 4aHKy, i the
these. ce of a h so And 1ti...,rr. arnsurlft of it
feast one palaC u , corn] :en ...d"S+: a.; ... tt,

fi?.i a cornp ;uArx. of forrrtiria A1 (I1V): wherein
R, RR and R, are as defined f4@r- formula | and R, is

as defined far forrnula hi; ;.rr;d b) convertrng that
conmpound; using a reduci ng age; - into the conpound
G fforr, ula-1. :'.:"5 processaaccordlng h:o ciait-~t

1, wherein \ Is ohlor: re, A_pwos ss according to chin

2, wherein the p Iladlun1conp”bx "eonpound conprises a
Ieast one ;i,gand selected fr )m“a nonode' ntate SE >ta

J phosphi ne ||g --wd a hlglemﬂate tert pry phosphine
ligand and an N- etaroc rrw d irhone ligand. 4. A

process acccrdinp to claim2, wherein the. }>af6

ssir-rr, conp ex conpound eoqnprlses at tan gy one

ligend selected ifomfd--tzqr ~Euleﬂ0host hine t'i-(E
ri-tj rit f I-iii or.p t(1; 1|4 t ear

:ffuoroF, orate, ris-oitho- tolykphesphlne ifs -s

witkodie ky,| Rphhd$phiraes clé’+rléd$or|fe‘ntula lutiyH, is @hasiphd for formula 11; and

tﬁr(];gnve}tlng; t?& c&%@&ﬂ‘\d ¥L1h %ﬂ%}ﬁ%o%gvﬁylln JlRS’ P(E}maé{md o(fj [ormula J.
f-hu{ '-: S} >( dic"rloh8x h hos, hkn)tf f rroc=m

o s-1 ?r#-auf, i
é/%?o&ﬁsbc&ﬁdﬁ§t &am‘1%wm?gﬁﬂﬁg%%ycgohaxylphos phi nyf ;

;rerrocanyl ]ethy ph,o pi' ne: (R- --( S'r
SZA(pﬁld;degﬁ bedduding torosEhiAe)HN the pan%raturﬁ &Mwex éiiﬂr%bh@ comprises al

racer nnt

S Picat BPalg} GPRT TOFIeD B4t ErTanior i Lprgre Ditp RS eriary

phosphaBgiganpaaemy Nptetsecyilinadrbarie ligand. . e~ 1,
1,1 -1 9ctr| -tc~rt- buty; phosphiro)ierr cene, R1
S) - -(rtt:henyl phosph;
)] QC@ﬁS poesipletdninds epelebnes yEladishosphilaesommmoermproprises at

ié'a.s[ 8!‘76(! bRhes yiiph from tn ter{ butyl- phosphine tri- ten‘—butyj -phosphonium
oSr |no terroceng die:y' cEr>fic>: x 1,

tetraﬂggp rp}?clns?r’@ «tolyltﬂh@sqt]ﬂnepﬁksﬁ%yplop(pxybp@éphlme n%g: igmbggtyl—
phograpiat HylbispRedyt, 2-Zicdiloraxyithczphipd’ 4' BRPRRSPRENG , 1'-bisphenys, R(-)-di-
fer}bt}{yltfll n(IS?B r(dr&)’cldhexyiphosphmyt)ferrocenyl]ethyl];r)hosphfne racemic di-tert-butyl-
[t-[2-{dicyclohexylphosphinyl)ferrocenyljethyllphosphine, (R)-1-{({S)-2-(di-tert-butyl-
phosphino)ferrocenyljethyl-di-ertho-telylphosphine, racemic 1-(2-(di-tert-butyl-phosphino)-
ferrocenyb)ethyl-di-ortho-tolylphosphine, 1,1"-bis{diphenylphosphine)ferrocene, 1,1'-bis(di-tert-
butylphosphino)ferroeene, R-1-[(S)-2-(diphenylphosphino)ferrocenyl]ethyl-dicyclohexyl-
phosphine, racemic 1-[2-(diphenylphosphino)ferrocenyljethyl-dicyclohexylphosphine, 2,2'-
bis(diphenylphosphino)-1, 1'-binaphthyl, R-(+)-2,2-bis(di-p-tolylphesphinoe)-1, 1-binaphthy!,
racemic 2,2'-bis(di-p-tolylphosphino)-1,1-binaphthyl, 9,9-dimelhyl-4,5-bis(diphenyl-
phosphino)xanthene, 2-dicyclohexylphosphino-(N,N-dimethylamino)-1,1"-biphenyl, 1,3-
bis(2,6-diisopropylphenylyimidazolium chloride, 1,2-bis(1-adamantyhimidazoliuin chloride,
tert-butyl-di-1-adamantylphosphine, R-1-[(S)-2-(2"-diphenylphosphinophenyliferrocenyl)ethyl-
di-teri-butylphosphine, 2-di-ter-butylphosphino-(N,N-dimethylamino)-1,1'-biphenyl and 1,3-
bis(2,6-rmethylphenyl)imidazolium chloride or wherein the palladium complex compound is a

compound of formula A-3



racrui c 2,2'-r_pis(d-p-tc',|y|p ,0sphno)-"1, "h naph
hyl, 9;9 .tinmethyl-4,5-bls dhphenyi -
phosa I|ro)xarrthne 2 dtcyc, | o ex}~i phosp-hi no-(N.tai

u7:otl i';<irnino) |I,1cN phierivi, 1,:i ~u{),n
r:1h_o rnp~/ , hr n, ~rrrli la~ohurrt ch o do. I, bs
| -ate nr:ar: [ ~~n.i- zolLyv, chloride, err hutyF-h 1

adarn t Ityl phcs,p-- e, R_ (}83 (2 di heryll 2l
| osphi ropheny )fer ac enyl)ehyl- d - re '.aril, ~.;

Ir,hinr:, : di-t wi-u[vipti apf :rto (f d-ciirricf~;
la iirio 1, ~-ir'pl-i n, ﬁmndﬂ ,3- bis(2.U -nmo hylp
envFti tida_>ol.umchleric e or eeinthepliad
ur.., conpkrx conpo_ ﬂgﬁis nP 3 | a
wherein Ris 2 6-drl sopfo ycptzlenyR orAZ

tt"krnetfayi pkaeny. | 5/ A Rrgeess occorl | | r| g to clan
2, i™M11l@ iri taie p Horin ¢. om | eex comnpound
conprises at least o pend sel ected from

r y try; -phosp
ﬁéfjlgllan é df%f&ﬁ?%’ﬁ‘ﬁﬂ“(???ﬁ@ U3me§'|y89€ém’ ‘ot acxyl j | os;
’?f’7|nn- ;, pV-dincth, lan; r:o?-","i"; | and

; al :
!% ’§ﬁrop%§@%c§d}g5|§§185 RJ é th'el'elm A’l a!d)% Qérgg%z? %}E}%?Olwdtcl%npnses at

céss wor di
léaﬁpa@hgﬁthﬁﬁﬁﬁﬁéwﬁdoﬁwibp@hwuﬂpmnmmawasaspaoaﬁmawn

t@ﬁ‘ﬁluo?&%% %E%Eﬁgxﬁﬁ%%fﬁﬁo UJJ NC d\ﬁétféﬁlﬁrﬁu\géz Rl Elpﬁg}{lyp;?ndh 3

R %‘P%@@@h&giﬁ'g&ﬁaﬁ@'wf&@@l@m 2, wherein The

pal | adl urn coi:idiex corrpound co m prlseS at |east
irli;faze;ium

61 ﬁl %ﬂ%eés %5\006? ing L?s@a}g' %U'here,lrtf ear galdl%cw%{emgorgpound comprises at

st bed:ligandlsRactel froid 28icydidifexRohdsbBino meudnm@mmun;@b)tm "Biphenyl
1)1 7Y = th q'alr

R o B AU ORI T i i 20 <

yli er:t:-r alfadiatn,, divinyi-tetran-ic;flf vls

?W%@éss%c@&%ng }_chgfn‘n §%{eﬁ’e9¥ |t|¥é33a%’c¥um cBl'?anxr b oé(rlq Smprises at

SIS >prc

j‘?f‘SEFTBaEﬁ%?G dZSOPF?’QJH'@HY‘)imbjéF‘P'Wm G’%'der di chl ori de and
c nsoprti oy ipher9 /i}Im,at _..-<-yil (_~ene pnhi sdi

rg%cers]s OFA”E% Oe%%"lmeES"r?ﬁ'\ t?%gl%:?iﬁ)h{r éc&%}l%« cqmr?cgtnrcprs a compound
seI.ea\@Id !frbarrhawﬁthoqmnena 1 3_@“5(2 B;dBsdpjrdriyipoemyd)imidazol-2-ylidene-palladium,
dWir@h@tr%ﬁ%nysﬁHxéhe-% ;3-%&(2}6@ifso;?rbBMﬁaen}M?nTHaZOI—Z—yIidene-pa!ladium, 1,3-
bis(2,6-dilsopropylphenyh)imidazol-2-ylidene-paltadium dichloride and 1,3-bis(2,6-
diisopropylphenyljimidazol-2-ylidene-palladium diacetate.

9. A process according lo claim 5, wherein the palladium complex compound is
naphthoguinone-1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene-paliadium.

10. A process according to claim 5, wherein the ligand is used in a ratio of from 0.01 mol% to

0.5 mol% in relation to the compound of formula 1.

11. A compound of formula IV



10. A process according to c:aii 7, wherein the iignnd
is used il'" aratioor'ffornl|!.01 171, i';:n EC 0.5
r-aol %in rebbo-r to the conpound of Forrnuhi ir. il.
A Canoo~un-d of formula IV 30 r~ rdheredh ~. R2, 13
and R, : are each [ndependenVy of the others hydrogen
or G"~ A conpound of iorntha ill accord:ni; to c:
airn 31, wherein -P,{ ~s hydro®{eer.

R . vy,

wherein Ry, Ry, Ra and Ry are each independently of the others hydrogen or Cy-Cialkyl,

12. A campound of formula {V according to claim 11, wherein R, is hydrogen.



