Process for the production of anilines The present

invention relates to a process for the am nation of
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to internedi ates of that process.

Ort ho-bi cycl opropyl -substitutéd prinmary anilines such

as, for exanple, 2-bicyclopropyl-2-ylphenylam ne are

val uabl e internedi ates for the preparation of

fungi ci des such as those described, for exanple, in WD
Pro rod ilinest er ns, anilines can be prepared

from hal obenzenes by neans of pal | adi untat al ysed

cross-coupling reactions. pal | adi um cat al sed
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cross-coupling, primary anilines have to prepared from
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onpri si ng | east two stages. Such a two-stage
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disadvantage of palladium-catalysed cross-coupling is that direct preparation 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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(A) (B) (C)According to WO 03/074491, substituted

2- (2- hal ophenyl ) cycl opropanes of formula (A), wherein
wM2007/0%56BF omi ne or iodine and R3 is, inter aliBCT/EP2006/008398

unsubstituted or substituted cycl opropyl, are am nated

in a two-stage reaction to fe2mthe correspondi ng

2-(2- am nophenyl)cycl opropanes (C). For that purpose,

firstly benzophenonei m ne, sodiumtertbutanol ate,

Acddrding € Wéyfovme sassqma@)zqizmldpﬁéhm&ué’ﬁagme%)ofmum

racemc 2, s(di phenyl phosphi ne)- i na
where| hglfs 5)roa”r"@e aﬂleé'@e and R’He /rtet affad un%mtmum @ty stltutﬁé
( f SR )

eyl e artETin(ducRbiged RABHGH oI e CieSHdHENG2 (2
amingpheryeyrionigpanesACaial dpm @O firsiy keszephaneseindye, sadium tert-

t )
butnole; Bilaie k@?gﬁ?ﬁ%@ @it (Pycbas) and racemic 2.2
bISdehmﬂpmsthﬂ 1"-pimaghthgb(C Blul\tﬁri?"par@@@ldaﬁ dnitke skosod irg¢antion step, the
resPlﬂg%\Egﬁgée@;%}gnot i ‘Hﬁﬁ \f Oérkgmez @ kes. -I?I?rq'?aasndbsgg iﬁ’m acetate to form
thefcouraspanging 2- raeammphembwdg@r@m@eaj(@éo%s aéutthenpgiadium ligand, 1,1'-

b|S@h@Z§lé§ hﬁo%ﬁ?&é’nes(%ﬁep?g id ﬂo@&ﬁ |HW@bb§ﬁ49§1 the

nore nom
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provi de a new process for the preparation of

ort ho- bi cycl opropyl -substituted primry anilines which
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because of the high cost of the benzophenoneimine.

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 |
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NH



conmpounds at economi cally reasonable cost and in
easi | y manageabl e manner in high yields and good

W@ 023693 The present invention accordingly rePCE/ER2006008398
a process for the preparation of conmpounds of fornula
I (1).wherein Rl, R2 and R3 aBe each i ndependently of
the others hydrogen or CrC 4al kyl, which process
conprises a) reacting a conmpound of forrmula Il wherein

W TP 1, £2 ard 1 0% PadFindpqreEh SFint Bifere RihodihtbrGi Gkt which
proggasre®mprikasi s hydrogen or C1-C4 | y I, in the presence
%aécﬁn ¢ amounts of at |east one
3) 'gé‘ftﬁ“g |um€dgﬁnglcog§<&@g%@und, to forma conmpound of
formula IV wherein Rl, R2, R3 aRd R4 are each
i ndependently of the others hydrogen or Cl-C4al kyl;
and b) converting that conpolnd,—&sing a reducing
agent, into the conpound of f 4yl a |. Conpounds of
formula | occur in various stgreol somer™ forns, which
are described in fornul ae I|N, 1IN and liv:- A -
The process according e inventi i ncl udes the
preparation of those s Di Soneric (ﬂgrms of fornul ae
[ , Tu, Imand I V, wher& nRL, R2 and R3 are as
defined for formula |, and the preparation of m xtures
whegpintfvo Be a5d & @er s dAefined ferdiormulph aaé ig hrdmijne or chlorine, with a

compound of formula lli

NH,
R; n,
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

4 (IV),

wherein R, Rz, Rs and R, are each independently of the others hydrogen or C4-C,alkyl; and
b) converting that compound, using a reducing agent, into the compound of formula |.

Compounds of formula | occur in various stereoisomeric forms, which are described in
formulae |, I, iy and lyy:



The process according to the invention is suitable

preferably for the preparation of conpounds of formnula
wo 202 RL i s hydrogen or CrC 4al kyl and R2p@m@EPiRB86/008398

are hydrogen. The process according to the invention

Is suitable preferably for thd-preparation of

conpounds of fornmula | wherein RL is hydrogen or

met hyl and R2 and R3 are hydrogen. The process

according to the jnvention is suitable especially for

t he prepaqu|-- ) pnpounds of fo#nila | wherein R1,

R2 and R3 ar‘, hyy > ormul a |

wherein X |s$br

process accordig o the inventingy. s of

formula Il whérein X is chlorine &re

in the process agcording to the |nvent|0nRProce§s step

a): Palladium co xRconmpounds whi ch afe useg in

process step (a) argfornmed frompg palladi um precursor

and at |east one suit’able ligand. In process step (a),

t he pal | adi um conpl ex conpl exes are preferably present

in dissolved formas palladi umliggnthconpl exes. In
t he cont ext o& t h& pnesent inventi pal | adi um

conpl ex conﬁb nd 8 expressly upgetrsStigod to include
conpounds consli s of cyclic ani ¢ pal | adi um
conpounds, the Aocal ed "pal | adacyxcl e and secondary

phosphi nes. ‘ N ag conpl ex conpoun s may be
used as al ready f@{lﬂp Fcon'pl ex conpound |'h_process
step (a) or pare fornmed 1°n situ in oce%eﬁ(a) I n
order to forM pal | adi um conpl ex co ound , pal I adi um
precursor is reacted with at |east

The process according to the invention includes the preparation of those stereoisomeric
forms of formulae I, Iy, Iy and ly, wherein Ry, R, and R; are as defined for formula I, and the

preparation of mixtures of those stereoisomeric forms in any ratio.

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

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



one suitable ligand. In the event of inconplete

reaction, it can be the case that m nor anmounts of
w@adorazhessm precursor or of ligand do not di sSOP@EEPI006/008398

the reaction m xture. Suitable palladium precursors

are pall adium acetate, palladibum di chl oride, palladium

di chl oride solution, palladiun?

(di benzyl i dene-acetone) 3 or pal | adi um

‘Prdcdibsg yh-i deneacet one) 2, pal | adi um
trip henym%hosphl ne), palladi um on-carbon,

Palfpgiuna dompied icompovrdss wiiite Ateosedrin pecespstep 4a)i areformed from a
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tertiary phosphine |igands, N-heterocyclic carbene
| i gands or phosphinic acid ligands. In the context of

In théeoptexigd the pnesenttinvention,eatiadium colpigxviongpdunds acksexpressly
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call@dﬁmjhéa@)@tes",langaﬁedbndasry phekphiitesod to be a |igand abl e

to occupy one co-ordination site of the palladium

centre. A "bidentate ligand" is understood to be a
The ngmdtdm\/\mmpiek sormapdendsonacioelpsed agaloady fatmeaitdoaplexd domgpounds in
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Exanpl es of tertiary phosphine |i gands ar e: (A)

In cirgﬁg g d&n‘téﬁla @H c':%n[f%/?? hos htkﬁgh%palladlum precursor is reacted with at least

ond sunabkelllgabdltlyIthqod?ncmpbbncmmplbtetreaétloupit ohwbatte dasBthdduninor
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2-di-te/t-butyl phosphino- 1 ,1'-bisphenyl ("P(tBu)

Suut%z%‘e pall)adlum pregt)frsor%haert)e( }Sal_laodijuo Q(Iatgtoe %éligdiu?ril éﬁznl%ﬂgé, palladium

dichloride solution, palladium, (dibenzylidene-acetone); or palladium (dibenzylidene-

acetone),, palladium tetrakis(triphenylphosphine), palladium-on-carbon, palladium

dichlorobis(benzonitrile), palladium (tris-tert-butylphosphine), or a mixture of palladium,

(dibenzylidene-acetone); and palladium (tris-tert-butylphosphine)s,.

Suitable ligands are tertiary phosphine ligands, N-heterocyclic carbene ligands or phosphinic

acid ligands.

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:



("P(Cy) 2Bi Ph") or 2-dicycl ohexyl phosphino-2 | 14l

6l -triisopropyl-1,1"-bisphenyl ("x-Phos"), tertbutyl-
walzeozozdairant yl - phosphi ne ("P(tBu) (Adam) 2"); BCT/EB006/008398

bi dentate tertiary phosphine |igands: (Bl) biphosphine

ligands: (Bl .1): ferrocenyl -fiphosphine |igands such

as, for exanple, R(-)-di-terf-butyl-[1-[(S)-2-

(di cycl ohexyl phosphi nyl ) ferrocenyl ] et hyl ] phosphi ne

tri- {emhw h9§ph1na tri Ffarr éutplcp‘ébosandrﬁhrﬁya}éﬂhs&bméphsnghsa-') tris-

ferrocenyl] - tert-b sphi ne, racemc
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(B11 )1ferr@ic§rw biphesphins ligangdn sughas dyr-example Rénaii-tert-butyl-[1-[(S)-2-
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(R)-1-[(S)-2-(dicyclohexyl-
phosphino)ferrocenyl]jethyl-
di-tert-butylphosphine,
racemic di-tert-butyl-[1-[2-(dicyclohexylphosphinyl)ferrocenyllethyl]phosphine (“racemic

Josiphos 1%), (R)-1-((S)-2-(di- tert-butylphosphmo)ferrocenyl)ethyl di-ortho-tolylphosphine

("Josiphos 2")
5o
%*P HCHa

<=

(R)-1-[(S)-2-(di-tert-butyl-
phosphino)ferrocenyljethyl-
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)-
ferrocene, R-1-[(S)-2-(diphenylphosphino)ferrocenyljethyl-dicyclohexylphosphine, racemic 1-
[2-(diphenylphosphino)ferrocenyljethyl-dicyclohexylphosphine, R-1-[(S)-2-(2'-diphenyl-
phosphinophenyllferroceny!)ethyl-di- tert-butylphosphine or
(B1.2): binaphthyl bisphosphine ligands such as, for example, 2,2'-bis(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



~- (di phenyl phosphi noj f erroceny
et hyl - di cycl ohexyl phosphi ne,
wRM7PLBY3 2- (2' - di phenyl phosphi nophenyl ] PCT/EP2006/008398
ferrocenyl)ethyl-di-te/t-butyl phosphine or (Bl .2):
bi napht hyl bi sphosphi ne |igand@s such as, for exanple,
2, 2" -bi s(di phenyl phosphi no)- 1, 1' - bi napht hyl
(" BI NAP") , R—(+) 2 2| -bis(di-p- tonIphosphino) 1

(B1339§'d11'=} lhzvk (di OB A o)&aﬁgﬁ ("Xan
S dphe RN RERFEAE (Xanphos

(B2Q amamhp@hm h@ﬂﬁhp) or(Bl 3)

(
(B2t R TR ot el 6 Bl ospﬁ.‘bﬂ*hﬁ?% é@%&)‘*%e@z 1)
dlmbtrwla@mW) 1, 1@#3?!@%%086}/@6\/!6266% exanpl e,
2-di cycl ohexyl phosphi no- (N, Ndi net hyl am no) - 1
, 1' - bi phenyl (" PCy2Nme2Bi Ph") PCy2- NMe2- Bi Ph
2- di cycl ohexyl phosphi no- ( NMBNJi met hyl ami no) -1, 1
' - bi phenyl or 2-di-te/
-butylphosphino-(N,N-m
("P(tBu) 2NMe2Bi Ph").
carbene |igands are:
1,3-bis(2,6 d||sopropylphenyI¥ﬁn1dazoI|un1chlor|de

(I -Pr*) 1-Pr 1,3-bis(2, Igzscdwé%ggggpyl phenyl)

i m dazol i um chl ori de, amantyl )i m dazol i um

chloride (111-Ad or
1, 3- b: s(2(6 met hyl) pdma{f ?,SYCIOth%SF%&WOH de
(11| Me") .

)y-1 ,1 '-biphenyl
N- het erocyclic

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")

I

I-Pr
1,3-bis(2,6-diisopropylphenyl)
imidazolium chloride,
1,2-bis(1-adamantyl)imidazolium chioride ("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:



An exanpl e of a phosphinic acid ligand is:
di -fe/t-butyl -phosphi ne oxide. An exanple of a
w@adorazhesam conpl ex conpound based on a "pal | adeClHEP®06/008398
and secondary phosphine is a conmpound of formula A-1
:wherein "norb" is norbornyl -8Conpound A-1 is
described in SYNLETT 12549- 2552, 2004 and is given the
desi gnation "SK-CC01-A" therein. A further exanple of
a pal | adi um conpl ex cogpoundrgpased on a "pal | adacycl e”
and secondary phosph i s a tohpound of fornula A-2:
Conpound A-2 is desct d i poSYMYBTT, 2549-2552, 2004
and is given the designfat IRNCI SK- CCO-fy, t herein.
Exanpl es of pall adi um onnLg compounds usi ng
phosphi nic acid | i ga@d Hscribed in Journal of
Organic Chem stry, 677-8681 and are given the
desi gnati ons "POPd", “SPOPd2" and "POPDl1" therein.

Exanpl es. of | | adi um c | ex ound '
i RReBS i B R SRIE 5 ERMRBIESXNEETY, 2aseempe. 2004 ano
is givén hes d&signadion SBICOA-phibekdin.i m dazol - 2-yl i dene- pal | ad

ium ("[Pd-NQ I1Pr] 2")[Pd-NQ | Pr]2 naphthoqui none-1

, 3-bis- (2,6-diisopropyl phenyl)i m dazol -
A fithet extenigle jpék lpatiadium cdimplexydonipetindbasduydrea malladgcytle” and
secpﬁ%br%%[.;%é_p(?id' .[slsa%'%%?&o%lng%ﬂyrlnmarﬂ_ggzol 2-ylidene-pall ad

L 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],")



Pd- VTS- 1 Pr divi nyl -tetranet hyl sil oxane-1, 3-bi s-

(2, 6-diisopropyl phenyl)im dazol - 2-ylidene-palladi um
wa2@702%92, 6- di i sopropyl phenyl )i m dazol - 2- yl i dRCIEEP20D4/608398

diumdichloride ("Pd-Cl-1Pr"), 1, 3-

bi s(2, 6-dii sopropyl phenyl )i m-&azol - 2-yl i dene- pal | adi um

di acetate ("Pd-QAc-IPr"), allyl-1, 3-

bi s(2, 6-di i sopropyl phenyl )i m dazol - 2-yl i dene-pal | adi um

chloride ("Pd-Al-Cl-1Pr") or a conmpound of formula

A-3:wherein R5 is 2,6-diisopr

2,4,6-trimethyl phenyl . [Pd-

Pd-Cl-1Pr and Pd-Al-Cl-I1Pr_ar

S- 1 Pr,
n Organic

Letters, 4, 2229-2] , 275-278,
2005. The conpound i bed in
Organic Letters, 5 al I adi um
conpl ex conpound o conpl ex
conmpounds may be u ding to the
i nvention. For for conpl ex

conpound, preferen gi ¥en to the use,|2as pall adi um
precursor, of palladi um acetate, pall adi
(di benzyl i dene- acet one) 3, 1 um
(di benzyl i dene- acet one) 2, dg&héﬁgﬂm di chl ori de
sol ution or a m xt ur eagtthogeihdreeel, 3tbig-
(di benzyl i dene- acetf&¢rdijsgprapdphgatirsidiagin
(tris-tert-butyl phospHidegraiadigpeci al preference is
dividyMen thth Bﬁo%éﬁ@ 103 bR, 6-A4 p??p%ﬁ Ifim "Pg-
v y %I‘I Se/. At | east ?ne I |d§% %J ?af ylgﬁ?%{’ﬁalladlum( Pd
VT%‘f‘P't)ne pal | adi um conpl ex conpound.

N J\Pd

/
O
~ /\
/SI\\
Pd-VTS-IPr
divinyl-tetramethylisiloxane-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-Cl-IPr") or a

compound of formula A-3:



Preference is given to the use of palladi um conpl ex
conpounds whi ch conprise at | east one ligand sel ected
W0 eomozsepbnodent ate tertiary phosphi ne | i gand, PGI/EP2006/008398
bi dentate tertiary phosphine |igand and an
N- het erocyclic carbene |igandlOPreference is given to
the use of pall adi um conpl ex conpounds whi ch conprise
at | east one ligand selected froman N-heterocyclic
carbene ligand, a nonodengate tertiary phosphine
ligand and a bidentate terfi osphi ne |i gand which
is selected froma fe bi pRosphi ne |igand, a
bi napht hyl bi sphosqg d an am nophosphi ne
i gand. Preference ghver'to the use of palladi um
conpl ex conpounds whijch d%ﬁﬁﬁise Bt | ¢asy), one |igand

selected fromtri-te iy hphosphi ne, P(t Bu) 3HBF4,
P(oTol )3, P(Cy)3, @p ; Bhs

28 P(Cy) 2Bi Ph, x-Phos,
P(t Bu) (Adam 2, Josilg 1,” raceni ¢ Josi phos 1,

Josi phos 2, racem cJoSi phos 2, dppf,

wh%e%?sﬁg?(égblksgﬁﬁegﬁwﬁéh ggg%ﬂi?énl{égﬂr_?&ﬁﬁﬁﬁe%‘&ﬁ f84-NQ-IPr],, Pd-VTS-IPr,
Pd-CeiRrardrfd-AeChir adk deactibédiyDighois plelters, 4r2820r8231, 2002 and in
sv%%%ﬁ,ﬁ%ﬂs%%bé%‘. R UAPLLAE HPBRRNL AL LAY RRSEYNR R etters, 5,

147R-1482( F)OR- ( 2' - di phenyl phosphi nophenyl ] f errocenyl ) et hy
| -di -trfbutyl phosphi ne, BI NAP1Tol - Bl NAP, racenic
Tol - Bl NAP, Xant phos, PCy2Nwve2Bi Ph, P(tBu)2NMe2Bi Ph,
Oné¢ péaitadium Aompled compbundor ampalread palfadionpbragies compomtts may be

f. f.or - erei,n RS i.s 2,6-diisopropyl phenyl or
use ,'%F'ﬁ%‘%%éfﬁ%??%‘&&?ﬁf‘e BV ence i s given to the use
of pal | adi um conpl ex conpounds whi ch conprise at | east
[, selected fromtri-tert-butyl-phaosphing,

For st by PARRTLTSconfbiR Cdspr RaerrBlfSagein BR8N o e gigsas
palladiumaareadrsor] ospglladismlacelats) plladiug, (dibereaylidentasdepdness, Balladium

P 2BiPh and | -Pr. Preference is given tg the use
g IERERH o D5 gl lisiormesbifion fr fitigired Aalegtie,
(dibeneylidene-acetone); and palladium (tris-tert-butylphosphine),. Special preference is
given to the use of palladium acetate or palladium dichloride.

At least one ligand is used for formation of the palladium complex compound.

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-heterocyclic 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 ferrocenyl
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)s, P(tBu),BiPh,
P(Cy).BiPh, x-Phos, P(tBu)(Adam),, Josiphos 1, racemic Josiphos 1, Josiphos 2, racemic



ligand selected fromtri-tert-butyl-phosphi ne,
P(t Bu) 3HBF4, P(tBu)2Bi Ph, P(Cy)2Bi Ph, x-Phos,

woeQw2hpe2Bi Ph and | -Pr. Preference is given toPCTEP208€008398
of pal |l adi.um conpl ex conpounds whi ch conprise at | east
one ligand selected fromtri~fert-butyl-phosphine,
P(t Bu) 3HBF4, PCy2NMe2Bi Ph and |-Pr. Preference is
given to the use of palladi um conpl ex conpounds which

: thewuk e oho ! ' .
JosSR) B T R ) ph oo BPEI(GR2 Ripheny phosphino)
ferrpegnydethylrdliexsighexyipespbien treentis tHR-tirianylpbosahina)iegaaenyliethyl-
PP, Ll G S b Torg B ey ooy ety gi-er
butylpimsphineeBiy cT@l-BH\J&?,vrénem@ TiohBINAR, Xsintpheis BEVaNMe BiPh,

: u X -
P P T A AP Bl LT RN S oo coftpBuld SFABfnuIa A3
thl’?iéf%ri%ﬁ@edﬂsé?p@w{?ﬁemd of B4 &tsimadylphanyladi um conpl ex

conmpounds whi ch conprise the |igand racem c Josi phos
1. Pal | adi um conpl ex conpounds, pal |l adi um precursors
Pretateriasris givgatelthearse af petiadivm camalextcomparmdmwhich nompese at least one

: di i LV ' i
e PR IS AT R Por b S B3 B, «oncs
Josiphog 1 1 Gcemi Jasiphos veJosiphosih canetc dbsifhmsialIPLybNMe,BiPh and I-Pr.
especially in aratio of from1:100 to
1: 1000. Pal | adi um precursors are used preferably in a

Prefesi¢nae i iven dorthe: use af patladign odplexlcatipeendsowiiompomprse at least one
nga[l?@ i%lgét@ﬂ e driteARGF-HAbLphir ) PRBLAHER , B ) B P ED).B%®h, x-Phos,

PCy.NMe,BiPh and I-Pr.

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,, 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,.

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 I, especially in a ratio of from 1:100 to 1:1000.



Li gands are used preferably in a ratio of from1:10 to

1: 10 000 relative to conmpounds of fornula II,
wezpeorabiy in a ratio of from 1: 100 to 1: 1000PCT/RP20h&008398

reaction according to the invention, preference is

given to the use, as conpound!®df fornula 111, of a

conpound of formula Il wherein R4 is hydrogen

(benzyl am ne). Conpounds of fornula Il are preferably

Pals@ffin precarsofsibeTded prétERBRtin ralidloffons X G018 1‘1@ @50 Méative to
to conmpounds of fornula II'. Suitable anmounts of

CO'E%QHB*Gé offormularlh espeially|in afratio effram 1 dQ0te 3i108Pe, f or

exanple, from1 to 3 equivalents, especially from1l to
2 equi val ents. Suitable bases are, for exanple,
ngam%ﬁeuﬁﬁé@ref%rae'y i g datimeftfean JHQﬂ@ﬁd@aﬁO@ relagiveatpsgampounds of

formn%tub@gmwﬁa rSRFOUFIMTH 0071 b sodi um

et hanolate, "or inorganic bases suc as car bonat es,
e.g. K2CO3, Na2CA or Cs2CCB8, hydroxi des, e.g. NaCH or

In tﬁ%é&mtﬁ’a@@dmﬁg%the%&bnn&?’ ﬁferé?{cs gﬁ&?% the ugé a%gbotrﬁ%ound of

al cohol ates an eci al rence | I ven
formpulatlhaf arempogind @H“NI& whereiqoRs i@mmna(bemzy@nma%)e

a phase transfer catal yst such as, for exanple,

cetyl trinmethyl ammoni um brom de may be used. Suitable
Compountissof dormysas il gre praferablyrusadin ameauimolar @mogrberpgh @n excess

reldti 8 é?rhﬁoghd‘é i ForALRN]. SSuntSﬁlB%%ogjln{syoffcﬁﬂ{ﬁhanésoof%ormula HI for this

equi val ents he reaction accor

reap¥gn de, onexanplediemitrio Srequivatentss csnsmmlly filom bite2 equivalents.
enbodi nent of the invention, the reaction according to
the invention is carried out in an inert solvent.

Suible bases ase | forexasmpie, @lcoholatesx aigpbedium tethplanoldten potassium tert-

butg%lg?él, &odluR n%tl%r{o\(gte or sodium ethanolate, or inorganic bases such as
carbonates, e.g. K;CO3, Na,COj; or Cs,CO,, hydroxides, e.g. NaOH or KOH, or phosphates,
e.g. KsPOy; preference is given to alcoholates and special preference is given to sodium tert-
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

RO N0 O V)
wherein R is C4-Cgalkyl, 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.



wherein Ris d-C 6al kyl, preferably nethyl;
di net hoxyet hane; tert-butyl nethyl ether; pentane;
wheooanzsexycl ohexane; tetrahydrof uran; di oxanePCI/EP2006/008398
tol uene; xylene or trinethyl benzenes such as, for
exanpl e, nesitylene; and al sol3r xtures thereof. A
preferred solvent is dinethoxyethane or xylene.ln that
enbodi ment, the inert solvent is preferably anhydrous.
In théit ntdtirhBRT tha TGS REH: iKreldifbly ANRREARN, the reaction
Is carried out wthout solvent.” I'n‘that enbodi nent,
conpounds of fornmula IIl are preferably used in an
In £HRRESerhBodhbNEf e MOBRRANN rBhctioRidErRed but viffout solvent. In that
reaction according to the invention I's carried out at
embediment comppedstal ?@rwa Witare pesferably usedhiyeamexgess relative to
' tenperature range from 500C to 1800C
°m§@§@§$grk§mP%'g tenperature range from 500C to 1000C
The reaction according to the invention may be carried
Thé’f“étacgdn %m%to%@\’r%ﬁﬁjorpig cﬁﬁfég%%g atoérﬁﬁ%h'tr t@m‘;lale&tttﬂg%r at elevated
enbodi nent, the reaction according to the rnvention i's
tempgraturedpiefarably ima teraperptuessrange fromh%0°CdadBDUR espeagiallyfin a
' ' 40 the invention is generally
ten@?ﬁa&%@%ﬁé%@orﬂ%‘é?@?& E(?Oe erably from4 to 30 hours,
especially from4 to 18 hours. The reaction according
Thé r%a[:tﬂﬁhécr&ﬁ i QthWePﬁoncﬂ5¥ b& g,ar(?l*éh oul'atHorinBF %Fevg%% or reduced
at nosphere. r exanpl e, nrtrogéen or argon I s used as
pressige.tin gas embodoment gthb oelictiem acedrding éo theduveintion isccaoriet og at normal
me£¥éhe invention, the reaction is carried out in a
nitrogen atnosphere.

The reaction time of the reaction according to the invention is generally from 1 to 48 hours,
preferably from 4 to 30 hours, especially from 4 to 18 hours.

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 1 to 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.



Process step b): A suitable reducing agent for process
step b) is, for exanple, hydrogen in the presence of a
woretoa2eat al yst. Anmounts of reduci ng agent suiPGIHER20DE008398

this reaction are, for exanple, froml to 5

equi val ents, especially fromMto 1.3 equival ents.
Suitable netal catalysts are, for exanple, palladium
catal ysts such as, for exanple, palladi unmon-carbon

Am6@italoy fetal cgmaxyrshaﬂﬂau@ fepdhd reaétion 8 %ﬁiaﬁ,hnc ah%hﬁfs%meﬁ ak Sfor
given to pall adi um catal ysts. Anounts of netal catalyst

exagmlq d1om:0 P@F tq fdequivatent. cﬂﬁpﬁ‘l"@"ycf&?tnépﬁ1 te Ogheanivalenduch

as, for exanple, from0.001 to 0.5 equival ent,
especially from0.0Q1 to 0.1 equivalent. This reactlon

This geastien isrPieferabbagartiediovhip theprepencera aa st sstivent Suiteble solvents
are SRl ¥Rdthple HEdHIN, @ gs%éfﬁéﬁo‘ﬁ etidho) fp%pa%é%mé@proﬁ%n%i’ P bBrotic

met hanol , et hanol , propanol I Sopropano
sol\@@?%ﬁ@b tejrahyaiofusan, efe@bUtyéme ethef, @mane,teéwl apetetg or

dlm dth&id)@hd a@o%&ﬂu‘?es kR s?@&%laﬂr@ ePence is glven to tefrahydrofuran.

met hoxyet hane, al so m'xtures t ereof
preference is gi ven to t et rahydr of uran. The

Thet t%mrﬁ%Fa?&ﬂéE @re @ér?er&ﬁﬁ"f%rﬁb"d td 86, ? r% c@ggﬁ/zeé\ éo a range from 0°C to

erence Is given to a range f
5°gpapgcil ppﬁ*@ﬁé@%ﬁcgévqnstoyamngtoyt thisrregeting at@mbient esmperature.

reaction at anbient tenperature. The reaction tinme for

this reaction is generally from1 to 48 hours,
Theiea¢tiandisne for thisrrenction & genarally frome! toedfthouss, paefetablyi figm 1 to
6 hbfist he invention may be carried out at normal,

e evated or reduced pressure. In one enbodinent, t he

reaction according to the invention is carried out at

The Y2a8Rn according to the invention may be carried out at normal, elevated or reduced
pressure. In one embodiment, the reaction according to the invention is carried out at normal

pressure.

If suitable reaction conditions are selected, the compound of formula IV obtained in 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 I, wherein R,, R, and R; 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)imidazolium chloride, to form
a compound of formula IV, wherein R;, Ry, R; and R, are each independently of the others
hydrogen or C,-C,alkyl, and



pressure. |If suitable reaction conditions are
sel ected, the conmpound of fornula IV obtained in
WO 2®eHeem step a) can be directly reacted to fRCTER2006/008398
conpound of forrmula I without isolating internediates.
The process according to the-15vention is very
especially suitable for the preparation of conpounds
of formula | wherein Rl, R2 and R3 are each

o) UEEERLE I Wy Bl D By VAARA o or 8l e
‘pregencered afaetat eatalysth i ndependently of the others
hydrogen or d-C 4al kyl and X is chlorine, with

benzyl ami ne in the presence of sodiumtert-butanol ate
Corapoursistadi Formiuda lavtrreingR d$ hydropgemet methgl gl RashiduRa are hydrogen are
Rl i.p the palladi um conpl ex
eSp%glﬁ&gdriﬁgc%ggngfrﬁ?g%@wg@h%égst one ligand selected from
tri-tert-butyl phosphine, tri-tert-butyl-phosphoni um

I . , .
Cor‘%?é;?r%%alf g({@%%r Ip rgesrﬁlﬂier ORE RPN?? are mr%qﬁnn%? very especially suitable for
that drhbdipbetnyl and :

1, 3-bi s(2, 6-diisopropyl phenyl )i m dazoliumchloride, to
forma conpound of formula IV, wherein Rl, R2, R3 and
TheRebraparinds ohformdieplewiderein X/ isdfromine avé genaralykiiavgesnddean be prepared

= CAal Kyl dh) , conver.si f | atter conpound

ace| h%&oﬁggg'gﬁggﬁfgadegfn e 'PnWQ O&Q@?ﬁb hydrogen in the

presence of a netal catalyst. Conpounds of formula I

wherein RL.is h ogen. af . hyl and R2 and R3 are
Td et B By FEFR X i Ficte BB PeiFerreh Borniaiqus manner t
the PeoveesestiesofibédinMiO03/074401 éirnhdeorrdspondilg BOMpPoEnds of formula II
whethi%r)? RBrorine. I\-Lgrrélxa?nsp?ee, ?rllea Lcl)rngquI\Idto?%r%uiaolli wherein Ry, R; and R; are
hydrogen and X is chiorine (compound no. B1) can be prepared as shown in Reaction
Scheme 1 and as explained by Examples A1-A3 which follow:
Scheme 2:

Hac% | .
CHO
o H
— Y — |
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cl N
H H
cl cl Cl

(81)
Preparation Example A1: Preparation of 3-(2-chlorophenyl)-1-cyclopropyl-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 mol) of 2-chloro-
benzaldehyde are added dropwise to the resuiting 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 (CDCls): 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)



t hat enbodi nent. The conpounds of fornula Il wherein X

is bromne are generally known and can be prepared
W@ewaeneieny) t o the processes described i n WO 03POTEEDA6/008398

The conpounds of formula Il wherein X is chlorine can

be prepared in anal ogous mannté-to the processes

described in WO 03/074491 for the correspondi ng

compounds of fornula Il wherein X is brom ne. For
exanpl e, the conmpound of forrmula Il wherein R, R2 and
R3 are hydrogen and X is chlorine (conpound no. B 1)

Preparatiph Bxample A epaypHEmOf

Maéal ned by Exarrpl es Al- A3 which foI | ow: Scherre 2:
F’r‘e‘garatlon le A 1. Preparation of
25@gg ppetband poph tp-1886/a Plpe @d?fchmf@ﬂ@wlmé «cyeipprppyt- pl@Denone

TP NSRS AP (0 B A Pl o s oo

at 303€owith atirdngeldegdactipngaigiore im‘snirre@tat 70°Crigr 2 merssTge (eaktion mixture
is tﬁ@H eciotq’%dnt% 5?%'34)%?6 ?ﬁﬁgﬁegéf%e@%f%f%ﬂh? g@@goﬁiﬂfdg cfg g%ﬁ% nlfo%éntaezo g of
ethhmjmaddmir wherespon aisatd prat:péates ohblihe reactiomfrtixtureds cooled to 25°C
ond SRR1 o0V 3ol B AP B LSS 37 g
yelleyvridttats Is evahedhgvhich iS@OGCendrateay byi evcporation Tsieg raeatary evaporator at
60°?r3§glﬁo§vr{ % 50' rjnB%I t§ g%r@g% %II%)?V @PQ@@% gggfeanslg&ﬁéract r%lxture having the
mai®- qompwhbm?a(ﬂadﬂgﬂophenyby&bmmmmyM;ﬂ dlpyxlmndﬂ pyrazole are obtained in

e heformof a yellowoil. 1H NWR (CDCl 3):
theg%?bfn"ge"’?’&" 1.16-1.23 (m 2H); 2.29-2.37 (m

1H); 6.83 (d, J= 15 Hz) ;
Preparation Example A3: Synthesis of 2-(2-chlorophenylbicvclopropvi:

To a solution of 50 g (0.36 mol) of potassium carbonate in 600 g of ethylene glycol there are
added at 190°C, in the course of 2 hours, 201.5 g of 5-(2-chlorophenyl)-3-cyclopropyl-4,5-
dihydro-1H-pyrazole, prepared as described under A2. Stirring is then carried out for 2 hours
at 190°C. The end of the reaction is indicated by cessation of the evolution of gas. The
reaction mixture is then cooled to 100°C, whereupon phase separation occurs and the upper,
product phase is separated off. 158 g of 2-(2-chlorophenyl)bicyclopropy! are obtained as
crude product, which may be further purified, for example by distillation.

'H NMR (CDCls): 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 IV 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:



7.27-7.35 (m 2H); 7.40-7.47 (m 1H); 8.03 (d, J=15
Hz) Prepar ati on Exanple A2: Preparation of
wG2(0240zdebdr ophenyl ) - 3- cvcel opropyl - 4. 5- di hvdr o- B¢ FPRAE08398
e: 250 g of ethanol are added to 188.6 g of the
3-(2-chl orophenyl ) -1-cycl oprot#4 - propenone ( 1 nol)
prepared according to A 1. 53 g (1.05 nol) of
hydrazine hydrate are added dropwi se at 200C, with
@Aine/00C for
o 50C. A
3 gef zt(aﬁélommenssl)tgcwfopmml (15- G|, drampeysatio phatgul 211 3.5 g of
anql
berﬂplgrrgrge %a ﬁ{({} ng oS oRRE r B(M?ﬁ{o%wgfﬁ i c@b?g q.9f Pd(ll) acetate

ecCl pl e reaction m xtur
(0. @mhcandﬁofmg péﬁéﬁdtnertthy@ﬂr[‘a[(g) Ri(dicydohgixglpbosphenylpn

ok BEy AhOLEHELD, b4 i RlsofRANEY B etnane. The
reaehcapowture rhaadecty the refluatgmpearapoe at the salveﬁ&ord iamtretbfon 24 hours.

Aftér%ogﬁ)nrq‘rgﬁ\r%l 5%@@ @déﬁ%r{dﬁﬂ’e ﬁ_ﬂ(iamcgt%]ase ?s ?éf{eda\‘/ﬂth water. The

ure aV|n onen

soh®nf 3-retmoved psing plWatd- Jey\(acupmcqmydlthdre'srddnehg dried. THemyodmbis purified

by gﬁ%rgé ?g@%ﬁé@gé’%&eéiﬁ% éeg;gérﬂ)% etsag}/learcle%%/ﬁé)la'ne 1:15). 3.58 g of
ber2y(2bichtlopropyiehyiphenyierhiop (873 of thepry) e bbitaired intheSorm of a
bro&v? ﬁg{’ 46313 patlgfgtagé‘%igumacar bonate in 600 g of ethylene

ere
hours, 201 .5 g of
h.

t 190C, in the course of 2

3. 7@tof QF(Qrtgomspldem)blcwloprepiyl Qtﬁ 6imno|2trh‘v®ltr/§ra&b olSB&ES ﬂjhe 0 gof
reat n i,s indicate sati o f_the
vergirits HR7SPREHsL Y hrSpllt R R B0 8 R, 3l 5B Bg Py
acetate 10O Mnvdteared §16 MbIcR(e)-diapabatyl- [GF[(S))GZ;(d’ &/chohexyipteosphanyl)-
duct arat ed
rerg S PSR (7o Pl B e Sipeingin AT Aesimboxysgaane. The
reagtiondtixture s fieaeday7 0be afnurstlhed fap 2aihoussd Aftéosooting rgahye abstate is
add%'d.s{’rlul !)r%tamc phase is washed with water. The solvent is removed using a water jet
vacuum and the residue is dried. The product is purified by column chromatography on silica
gel (eluant: ethyl acetate/hexane 1:15). 3.47 g of benzyl(2-bicyclopropyl-2-yl-phenyl)amine
(84 % of theory) are obtained in the form of a brown oil (trans/cis ratio of about 3:1).

Example P3: Preparation of 2-bicyclopropyi-2-yi-phenylamine:

1 g of benzyl(2-bicyclopropyl-2-yl-phenyl)amine (3.8 mmol, trans/cis ratio of about 3:1) is
dissolved in 15 m! of absolute tetrahydrofuran. Then 50 mg of Pd (5 %) on activated carbon
are added. Hydrogenation is then carried out, with stirring, for 1 hour at room 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:



IHNWR (CDCI3) : 0.0 - 1.13 (m 8H); 1.95-2.02 (m
0.63H, trans isoner) and 2.14-2.22 (m 0.37H, cis

WO 3@me23693 6. 88-6.94 (m); 7.05-7.24 (m); 7.31- 7P@RELI0)6/008398
Pal | adi um conpl ex conpounds, pall adi um precursors and
i gands as used in process stt{h-(a) are generally
known and, for the nost part, commercially avail abl e.
The conpounds of formula IV are val uabl e internediates

Tadi®f: t he ggﬁggg@ég&qomulgpnpounds of formula | and have
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The following compounds of formula Il are suitable for use in the process according to the

invention:
Table 2: Compounds of formula |l
RZ
RS
R1
(n
X
Comp. no. X R, R, R;

B1 Cl H H H

B2 Cl CH; H H

B3 Cl H CH, H

B4 Cl H H CH;




3.7 g of 2-(2-bronophenyl)bicycl opropyl
trans/cis ratio of about 3:1),
2.1 g of sodiumtert-butanol at e ¥QIWEB2006/008398
3.5 nmg of Pd(1l) acetate (0.016 mml) and 8.6

W@ 1®7/8238m0l ) ,

mol ) ,

ng of
R(-)-di-t

in 30 n

heated to

cool i ng,
washed wi
wat er | et
Is purifi
(el uant:
benzyl ( 2-

theory) a

(trans/ci
Prepar at i
of benzyl

trans/cis

absol ut e

carri ed opt
tenperatu

cat al yst

using a w
chr omat og
acetate/h
2- bi cycl opr opyl -

ert-butyl -

2.0

(

15. 6 mmol ,

g of benzyl am ne

[1-[(S)-2-(dicycl ohexyl phosphanyl) -
ferrocenyl]ethyl]phosphlne (O 016 nnDI) are dissol ved

e

IU)(y l Ilcl
ng stirre

Ic. IIC

i for' 24

ca I UTI
hoﬁ%s

III )\hul C

Af t er

S

bt at@ i s

The on

adGHgl.

TheCHg ga

ronnmvod

ol r\

ni C phase

i s

bt h@5 ac

+
f‘h_%t
vacuum

LI} o

hnd 'he

rront 1
'espﬁae

s dri ed

UJF 3pro

duct

ed 1@y co

umgichr

ﬁi cﬁ op opﬁ'- 2-

bmatiggr a
kane 1:1

bhyCBR S
5) . 3.47

T OM,0€T

o_of

/I-EHeny
€ 1 grm

)aﬁﬁne

84 Glgsof

€ @t ai

ratio

ned g,n 1
f about

3. 1)

Ty bro

Kanple P

wa oH
3.

bn B10 2-

Jicﬁhlop

op?HsZ-

- pheny

aniHe

> grFye

ratio o

opt pyl
about

2=yi=ph
3 1)"'

.,lly am
Hi s @ fve

IC\ﬁOI

d in 15

10l
of

oearhan

| etBahydf
acti vat ede

of Bran.

hr A ~AAdA~H

Then 50

hdr o

ng f B

beRat an
A ) CoT A~ Al

d (BHY

et han
L4 TIT1T

th

[stifri np,

e

hou'r? at

roo

s filtel

reisﬁite'

c@pl e
red of f

|ooHEf

hnd t

e kol vent

he Heac

fTogH,t he
s_frenpve

at P19 et

va®fum

Thedpro

ductHi s

pur CHsed

by

apgys on
xane 1/

ST 1g,ca
5. 0.6

eiCQ,iu
g0

MERET n]y CHa

2-yl phenyl ami ne (92 960f t heory) i

S

Sm%feaihféﬁ?eblgte%ngr ttm%:@p%sat%n ngéﬁhc]s' (gxérpnuf { I;eﬁ'g { eéé:r?oed in

can be prepared:TabIe
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| are suitable for
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TalfleBl owi ng conpounds of formul a

The foll owm ng conmpounds of

use in the process

RZ
RS
R1
_H
N
R; (1v)

Comp. no. R, R, R; R,
C1 H H H H
Cc2 CHg, H H H
C3 H CHs, H H
C4 H H CH, H
C5 CH; CHs; H H
C6 CHs; H CHs; H




i nvention: Table 2: Conmpounds of fornula Il Suitable
internmedi ates for the preparation of conpounds of

WO 200mo2sm93 are described in Table 3: Table 3: PCTI/EP2006/008398
Internediates of fornmula IVAs a result of the
provision of the present inveftion, it is possible to
am nate orthobicycl opropyl - substituted hal obenzenes
in high yields and with little outlay. The starting
conpound$§cempt R8.[PT ORESS [Of R[1€ Pr eSEIT | ,On are
di stinguilshed by |being readily agcessi'bleland easilly
handl ed and,C7n dddi H on,| t &s ane eCdnonijcal IH
priced. I CH effergg—enboghrent qut fre—process
according to thelinvertian, THRe pall ala? umjused in tthe
process ils r@ycljed. HThi § enBodi gent Honsyitules a

vari ant ¢H—theprocess—ageorgingrto—the wenﬁi—en—
which is esFé@i al|l y erest F’ng firom'an e¢onom’'t poi nt
of view [Inc1prgferred ¢nbai,ment ofy theli nwgmit on,
conpound$—of forfqula |l wherein is_chlofine are
used. The sCdPtirg cbnhpoyndsHof 1 hi Ll ef err eHs
enbodi ment _of The process of TNe I nvention are
di stingui shed by being especially readily accessible

As arreub\pt thedrrpvisiop of thel nrosest siveniiaralt ippessile tprarginate ortho-

; ' i ' i it t he

D S B S P HEE SR R o,
which is especially interesting froman econonic point

T el g Hombbuds R Broc R BEY pres B mediEf e Binouished by being

readilysgpsessible ad eaily haodisd andsin addidiod cthey akeaeasmomically priced.
chl orobenzene substrates, are especially difficult to
am nate because of the extremely |low reactivity of the

In ag¥ieleried embegdimen ofjiheupspcess 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.

Itis 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 Ill. This is due, firstly, to the subsidiary reaction of B elimination within the
alkylamine nucleophile to form the imine, an unsubstituted aryl being formed from the aryl



conpared to deactivated bronobenzene substrates. In

addition, the yield is generally further reduced when
waigiong2mopri mary al Kyl ami ne nucl eophi | e havi ngPGI/EP2006/008398

hydrogen atomin the b position such as, for exanple,

the compounds of formula I11-2%his is due, firstly, to

the subsidiary reaction of b elimnation within the

al kyl am ne nucl eophile to formthe imne, an

halidd substtdté. LS&@n@lW\Jvhé?ﬁuéilﬁlg P aKychnhih® RUEIBSPHIEY |t hphis8 Becessary to
substrate, Second Il>l/éef when using prinmary am ne
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whith 8ai ﬁédueevtm{.élawne%s%db%bnﬁé ryl@fifkat i on to the
secondary aryl am ne, which can reduce the yield of the

desired primary arylam nes. The am nation of

Thédaa%t.arabmﬂeacm&@a refdttriohGieh CRloRSHRRSELA BsEEIRS Wil Mnary
pri mar Iamne nucl eophi |l es whi ch have a

th
a'kmmnsgwﬁ'eap%lﬂsuwhwfmféaw apassdrw%hatp@ ip H@r%pw%orr lég*wre@ae regarded
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reactivity a because of the subsidiary and foll ow on
and feliew-rB rﬁ%@cﬂvn%sT@an fifficities aee peiptedpyt. fereekagple, i the above-

meSicheR sBmnidly hARIAPovenent i oned summary articles. It
has been found, surprisingly, that palladi um conpl ex

conpounds having at |east one |igand selected from an

Ith Bi?énef'bgﬁd’ gugfﬂsﬁ@ fﬁp%ﬂl%@ﬁq corpfER28Hh Bﬁﬁasgnatvﬁ'{?tét@ééét one ligand

and tate tert| ry pho
seleqtghﬁwm N-hetegoayelicearkenes ligand.ca nenedridaty |terbarmntns>pmln@hgand and

a blgsﬁlﬁfbgt]e ﬂ/ mn@(ﬁ ﬁﬁ?’gkﬂg%é%%&nggﬂ%s o?regéjr{ly?t) H{o?thne ligand
and/errearamnpbosmlrwmgemi ate egperciathhsuitablefonihe aminationeof compounds of

forrﬁ%WHe%ngd‘ustcH%nHé" | adi um conpl ex conpound preference
iven the use of at |east one ligand sel ected

from an N- het erocyclic carbene |igand, a nonodentate
For that reason, for the formation of the palladium complex compound preference is given to

the use of at least one ligand selected from an N-heterogyclic carbene ligand, a monodentate
tertiary phosphine ligand and a bidentate tertiary phosphine ligand which is selected from a
ferrocenyl biphosphine 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(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 mi 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



tertiary phosphine ligand and a bidentate tertiary

phosphi ne ligand which is selected froma ferrocenyl
whephoesebs ne | i gand and an am nophosphi ne | i gaPil/EP2006/008398

Preference is given to the use of palladi um conpl ex

conpounds whi ch conprise at 1&ast one |igand sel ected

fromtri-terf-butyl-phosphine, P(tBu)3HBF4,

P(t Bu) 2Bi Ph, P(Cy)2Bi Ph, x-Phos, Josiphos 1, racemc
e 35 e s e BRI Clofrob - Pen harpine and g yeld are
detgimipebby rieans Pbgns @uempiearaphychl or obenzenes. Tabl e 4:

Yi el ds of the am nation reaction of chlorobenzenes A
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phase is extracted! Theidentity of the react]on

pr oduct PIEAAGR ( 2- bil cydl opr og9$iPRs? - pheMAY) ahi ne ¥hd
itg yiel deter m ped . a °
chro¥rat gg’#@a.ﬁ‘o \2/ Ta IemS' ?(?/%)2 gﬂ%?@hm g'rggna on %8 %
reacti ofdéPAehI or obentengs A riBtture pf 0890 0f96 %
2- (Z=chtorophenyt)bicyctopropyt—(6-—"5—mot); 85—

of benzylamne (0.78 mmol), 8 ng of sodi um
Tahlebf - but Yeldsaf the @nidatiomelartiana obidrdlzmhizemesc onpl ex

: . , ' .
A IR o b A bRt BRY o onzyarmine
(0.7c851nml)n81 sgafsogivepteridnitarsiate ((FBB) Umms)femdmgmni;m mrgnimlsjlébecompound
. . d forne .

 hd S| B SRR T Mg
conmplexofompounds are prepared using processes known from the literature and are added

T3

a
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as already formed palladium complex compounds directly to the reaction mixture. 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
identity of the reaction product benzyl(2-bicyclopropyl-2-yl-phenyl)amine and its yield are
determined by means of gas chromatography.

Palladium complex compound mol % Yield
Pd-Al-CI-(I-Pr) 1 96 %
Pd-VTS-(I-Pr) . 1 96 %
[Pd-NQ-I-Pr}, 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.



di met hoxyet hane are added and stirring is carried out

at 900C for 16 hours. After cooling, 2.5 m of ethyl
waewrarwdand 3 ml of water are added and the OPQERP2906/008398

phase is extracted. The identity of the reaction

product benzyl (2- bi cycl opropy232-yl - phenyl ) ani ne and

its yield are determ ned by neans of gas

chromat ography. In an especially preferred enbodi nent

In ti etsbec;auyv;ﬁ@rterrea entbearneerﬁbﬁthesmnneﬁ |c@ﬂ1p‘éﬂh@s°6mb%la Il wherein X
compounds havin east one and sel ected from an
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n"this especially preferred eirbodi nent of
emb?rgr@ﬁﬂ'i agordinghpernstititest a ¥ayfant phthe Ipregess areprsing ¢o the invention which

is veﬂ)éypbaguyc.afbr&qm@%ﬁr 8l eV mﬁﬂﬁ@i ofdfi@dynt s of

[ adi um conpl eX compounds t mal ntai ni ng high
y| eI ds. As a result, the costs for the catalyst are

Thi$ HQ{%&HB bRdtbifed @ﬂBS&ﬁren{(TQﬂ tﬁe Braef ﬂ%Htroﬁ‘?ﬁag(reg'lt%é’lbﬁ to use

constitUtes a variant o process accor
ligapdy By ragia ohfipen! :1@ 00@to/1:88p eeiatarelty cpimpeursistaf r@mmrhranom

0.0PHRNY 1e0Yio. @ﬂrd“’/o ﬂfrer\ér.ar\ro mﬁouﬂaespro%bré 1R rﬁg@r rnﬁr#nabnmg high

di ment o resent invention ma
yielel® use ligands in a ratio of from1:10 000 to 1:200
relative to conpounds of formula Il (or fromO0.01 no
%to 0.5 mol %in relation to conpounds of formnula
In Angpwangitiel Gremieinteraationay Eitigh, 44, 8Bat-137% zaﬁgemmsaibed that

Josgﬂggqﬁs tﬂa%kﬁ?% ﬁ&%rd fEP' tahf? so4%gﬂ&t aeéﬁﬁ%&éstrt&?r?%hlﬁ rpbenzenes,

escri
usifgthedigand inanwnge Obifomd morryn +1OUB0E rietative th compounds of formula Il

il 05 79£ 078 G5 5L A B O 1008 RRRo B s or e
and of 98Yjo ethés usingdpsihes ¢rin a sativgof Jokd @Olbare Hescrikedrtaerem. The
mer:lﬁo}rgg Qee{c‘%ﬁé MéF‘e éa(?rigcpg&%g%?ov%o{ BrFégflaanitlregen 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 Il that the yield is reduced to 39 % (see Table 6). Similar yrelds 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-chlorophenyl)bicyclopropyl (0.5 mmol), 0.085 mi of benzylamine
(0.78 mmol), 8 mg of sodium tert-butanolate (0.83 mmol), 0.24 mg of Pd(ll) acetate



and of 98 % when using Josiphos 1 in a ratio of 1:10

000 are described therein. The nmentioned reactions
wawenegozwy i ed out in a glovebox under a nitrogeti/EP2006/008398

at nosphere. A reaction in a glovebox points to

extremely sensitive reactants?¢atal ysts. For

| arge-scal e production operations, as are generally

necessary in agrochenistry, glovebox processes do not
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anmounts” of ligand of 1:700 relative to conpounds of

formula I'l, that the yield is reduced to 39 % (see
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of benzylam ne (0.78 mml), 8 ngy of sodi um
TaBl€ri - but AmiHatibe réélt|8r$ yﬁl&'v)lth @re@ﬂcéﬂ)arﬁﬁurﬁ’%@ ||¢§nd
N acet at eb%)) 001 é /% %

migHregt 190 Mg afa%&?F@orﬁP em@)@t?v 'sprﬁpy'df’ 5dT"Fr'B e mhawéenzvlamme

(0. wmn@qudmgacsf%oamhf fe'rttlﬁJtérﬁ)lé}él(d 82 thrfulf art paielimd &rma@x compound
er. coolin m of ethyl acetate and

] 2.
it destied Pl IuR DRIk REmIRRUNE CoReANtaLG & odicests Pitopalgtium

conip1éx t@lﬁ@édrﬁ! a@é piebﬁrdd&ﬁﬁﬂg BcdisB8 Kdwn from the literature and are added
benzyl ( 2- bi CY or[?]r yl - phenyl )am ne and its yield
as ajread formed patladium co plex compounds diréctly to the reaction mixture. 3 mi of

dimethoxyethane are added and stirring is carried out at 90°C for 16 hours. After cooling,
2.5 mi of ethyl acetate and 3 ml of water are added and the organic phase is extracted. The
identity of the reaction product benzyl(2-bicyclopropyl-z-yl-phenyl)amine and its yield are
determined by means of gas chromatography.

Palladium complex compound mol % Yield
[Pd-NQ-I-Pr], 0.2 90 %

Preference is given to the use of palladium complex compounds which comprise at least one A
ligand selected from tri-tert-butyl-phosphine, P(tBu);HBF,, 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,.



determ ned by nmeans of gas chromat ography. Table 7:
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PrefapgedVe ZBlepHo drequde ¢b{Pd-NCet-Brleag paliadiug eemple compoursk
of pal | adi um conpl ex conpounds whi ch conprise at | east
one |igand selected from PCy2NMe2Bi Ph and |- Pr.
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1:200 ardtvery especiallydn afratiadl fen d00doPI5OR. conpounds whi ch
conprise the |igand PCy2NMe2Bi Ph. Preference is given

to the use of palladi um conpl ex conpounds whi ch
Thecothm-bisyclodrepyl-sgbstiuted 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 Ry, R, and R,
are hydrogen (compound no. A1), using the process according to the invention, the by-
products of formula IA (compound no. C1) and of formula IB may be formed and may
accordingly also be present in certain amounts in the form of impurities in the desired final
product:

SO

A B

By-product IA 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



I-Pr. Preference is given to the use of a conpound
selected fromPd-A - -1-Pr, Pd-VTS-1-Pr and

WO B miEdeh3 Pr] 2 as pal | adi um conpl ex comnmpound. PCT/EP2006/008398
Preference is given to the use of [Pd-NQI1-Pr]2 or
Pd- VTS- (I -Pr) as pal | adi um co#pt ex conpound.
Preference is given to the use of [Pd-NQI1-Pr]2 as
pal | adi um conpl ex conpound. In this especially

preferred enbodi nent, |igands e used preferably in a
ratio of from21:10 000 to 1:20(0 rel ative to conpounds
of formula Il, especially in a(ratio of from 1:1000 to

1: 200 and very especially 4n £\ atio of from1:700 to
1: 500. The ortho-bicycl oyI substituted anilines
prepared by the process aggo 0 the invention may
be used in the preparation of fugchP'tl des such as are
descri bed, for exanple, in Mé\%ﬂwl . In the
course of preparation of an aniljpne of formula I
wherein R, R2 and R3 are hydroge% (conpound no. Al),
usi ng the process accordi |’ﬁg to th&™ nvent i on, the by

by PeMIES sEctPhs ér%rdaébﬁbédb\fdr(é‘iﬁﬁﬁlénﬁn Wo Ofgé%@ﬁ dth‘éflmpuntles ID and IE
formula | B may formed and may accor |ngly al so be

ma}b?’l@‘é@ﬁfe tP%p’@é?'ﬂtd" Hhesasirad §Uflgﬁ3'Ci€h@ forgrula K3 i npurities
in the desired final oduct: I A IB By-product 1A is
formed on carrying outyreaction step a) by- product 1B
may be formed on carrying out reaction/step b).

CF H
N N e
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When an aniline no. A 1 prepared according to the
invention is used in the preparation of the fungicide
wo gy/omedhods such as are described, for exanpPE&l/EP2006MD8398
03/ 074491, the inpurities ID and IE nay therefore be
present in the desired fungicffle of formula IC Wat is
claimed is: 1. A process for the preparation of a
compound of forrmula |I wherein RL, R2 and R3 are each
whiafidersneenrt! y of the others hydrogen or CrC 4al kyl,
whi ch conprises a) reacting a conpound of formula I
wherein R, R2 and R3 are as defined for fornmula |I and
1. Apiotedy RRiNHreparalidrPéfl éompbund dismpound of fornul a
[11 wherein R4 is hydrogen or G -C 4alkyl, in the
presence of a base and catal yti Bzamounts of at | east
one pal | adi um conpl ex conpound,/ to form a conpound of
formula | Wwherein R1, R2 and iy as defined for
formula | and R4 is as defined~f@r formula Ill; and b)
converting that conpound, usipg a re@ycing agent, into
t he conpound of formula \ proc¥ss according to

claim1, wherein X is ghi®yTne. 3. A process according

to claim2, wherein t i pall adi um conpl ex conpound
conprises at |east one gandHgel ected from a
nonodentate tertiary phosphine |ligand, a bidentate

whereintRaRy apth&s jgre e=chl indepemdantty efrihelothetsarydieageniar C,-Caalkyl,

whiGﬁE&ﬁPﬁsési gand. 4. A process according to claim 2,
wherel' n the pall adi um conpl ex conmpound conpri ses at

a) reacting aotempaugdefifasmutadt ed from

tri-te/ ?-butyl - phosphine, tri -fﬁzl t - but yl - phosphoni um

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

NH

R, (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



tetrafl uoroborate, tris-ortho-tolyl-phosphine,
tris-cycl ohexyl - phosphi ne, 2-di-terf-butyl phosphino- 1

wQ0 07o2phenyl , 2-di cycl ohexyl - phosphi no-1 PCT/EP2006/008398
, 1' - bi sphenyl , 2-di cycl ohexyl phosphi no-
2\4' /6" -triisopropyl-1,1l-bisphenyl,
R(-)-di-te/t-butyl-[1-[(S)-2-(dicycl ohexyl phosphi nyl) -
ferrocenyl]ethyl ] phosphine, racemc di-tert-butyl-[1
-[ 2- (di cycl ohexyl phosphi nyl ) - R,
ferrocenyl ] et hyl ] phosphi ne,
(R)-l-((S)-Z-(di-fe/t-butylngyo )i no) ferrocenyl) et hyl
-di -orthot ol yl phosphi ne, racem e}
1-(2-(di-terf-butyl-phosphing)ferfrocenyl)ethyl-di-orth
o-t ol yl phosphi ne,
1, 1" - bi s(di phenyl phosp Y/ ferrocene,
1,1 -bis(di-terf-butyl sphi po) ferrocene, R-1-[(9)-2-
(di phenyl phosphi no) f N~
errocenyl j et hyl -di cycl ohexyllphosphi ne, racemc
1-[ 2- (di phenyl phosphi no) R; (1v),
ferrocenyl]ethyl -di cycl ohexyl g 0SS i ne,
2, 2' -bi s(di phenyl phosphino)-1 ;¥ - bi napht hyl,

whefel're B, Sl FR1aR ?é bRl 4l 8 &thﬂé’;a % aslciefmeg 3Mdia 11; ana
racem c di - ptolyl phosphin

b) conberﬁag;mahyompound using a reducing agent, into the compound of formula I.
9, 9-di net hyl - 4, 5- bi s(di phenyl phosphi no) xant hene,
2-di cycl ohexyl phosphi no- (N, N-di net hyl am no)-1 ,1

2. A pisicesreangordirlg -diigy R véetdin Xap colpghehenyl ) -
i m dazolium chloride, 1,2-bis(1l-adanmantyl)i m dazolium
-chl oride, ferf-butyl-di-1-adamantyl phosphi ne,

3. ARprocggsyccRrdirm) todilgimeh wheheis e pediptiemydonipex coepoundetomprises at

Iea%j o% hPéIr\(% ?%E%/tleﬁ nﬁosphﬁﬁoqetr}{ftﬁt%ﬁn%%q;\yf%hrﬁm%I(lga_nii: 3 bidentate tertiary
phdspbmphgemd arahah W; I®térosycic 6amenéligptienyl ) - i m dazol i um

chl ori de or vvherei n the pall adi um conpl ex conmpound is

a conpound of formula A-3 wherein RS is

4. Rpecess ansprding/toptemy2, wiverén thefpaladimat doyipidrecompound cBmprises at
Ieaa %8?@%&"8&8&8& g'gm tR tg}fggm ého%l\ﬂ%rgte ngtﬁtgtﬁ% 5)5 Bh%sp%omum
tetrsfhjoecznoeatef tnemrﬂhmtelylemfospbmyltrlphm@ﬂemylephosphme 2-di-tert-butyl-
ohaghhinbl{pREhn g ARAIARAEAEPh o, EBRBRGH Fsisupimhsyionosphino.
2',426'diiisomopylb,t’ wlqﬂheswhﬂhpdi tert-butyl-[1 [(S) -2-(dicyclohexylphosphinyl)-
ferrocenyllethyl]phosphine, racemic di-tert-butyl-[1-[2-(dicyclohexylphosphinyl)-
ferrocenyljethyllphosphine, (R)-1-((S)-2-(di- tert-butyl-phosphino)ferrocenyl)ethyl-di-ortho-
tolylphosphine, racemic 1-(2-(di-tert-butyl-phosphino)ferrocenyl)ethyl-di-ortho-tolylphosphine,
1,1"-bis(diphenylphosphino)ferrocene, 1,1'-bis(di-tert-butylphosphino)ferrocene, R-1-[(S)-2-

(diphenylphosphino)ferrocenyl]ethyl-dicyclohexylphosphine, racemic 1-[2-(diphenyl-
phosphino)ferrocenyl]ethyl-dicyclohexylphosphine, 2,2'-bis(diphenylphosphino)-1,1'-
binaphthyl, R-(+)-2,2'-bis(di-p-tolylphosphino)-1,1'-binaphthyl, racemic 2,2"-bis(di-p-
tolylphosphino)-1,1'-binaphthyl, 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene,
2-dicyclohexylphosphino-(N,N-dimethylamino)-1,1'-biphenyl, 1,3-bis(2,6-diisopropylphenyl)-
imidazolium chloride, 1,2-bis(1-adamantyl)imidazolium chloride, tert-butyl-di-1-adamantyl-
phosphine, R-1-[(S)-2-(2"-diphenylphosphinophenyliferrocenyl)ethyl-di- tert-butylphosphine,
2-di-tert-butylphosphino-(N,N-dimethylamino)-1,1'-biphenyl and 1,3-bis(2,6-methylphenyl)-



1,1 -bisphenyl,
2-di cycl ohexyl phosphi no-2',4\6' -triisopropyl -
w0 W07esphenyl , R(-)-dite/?- butyl-[1 PCT/EP2006/008398
-[(S)-2-(di cycl ohexyl phosphi nyl )ferrocenyl ] et hyl ] phosp
h| ne, racemic di-tert-butyl--29-
AN~ (di cycl ohexyl phosphi nyCf erroceny et hy*phosphi ne,
(R) 1 -((S)-2-(di-terf-butyl phosphi no)
mncfie&bh@rﬁ %ﬂlﬂnﬁ@bh%eﬂa‘m @n@tﬂ&ﬂa&@ﬂnﬂoﬁm%n& LB Mpound of

-fert-but I no) -
fo"f\@? ﬁjé é\mrf)"éﬁhjﬁ 2 é1dﬂmrtrwmﬂnyl ¥R pifiAethylphenyl.
1, 1' - bi s(di phenyl phosphi no) f errocene,
1,1 -bis(di-te/tbutyl phosphi no) ferrocene,

5. ARprocpgsgaopIding (orRi B ehaptin e palipdiyeenmniex eympaiinhasimprises at

I .
leadt®R¥hi gﬁ@@é\ﬁ?}@d fr'bﬁptﬁlfﬂﬁlgb g} P%% hi er]s| tri- tﬁn bucyl g ogl)?)r/'rr

tetrﬁf@j.[yéqapqq@te piso oﬁplgt-mqﬂabﬁy] tﬂﬁ-@g@h em)—ptlosphme 2- dl ten-butyl-
phos%hlnghnﬁmehyl Bdkgélol?e)&lphgéﬁ{ﬂd 20 5oL BRPFPINH MdpHenyl, R(-)-di-
tertzbugrl {b[(§§)gT(dlqulmwphggm'mw&grmpenmeﬂml]nmﬂmhml racemic di-tert-butyl-
B e e
phoy‘sphmq)f@rowsl ez mpﬂb@mlxiplyqqph@nynapemmoq‘a@awu -tart-butyl- phosphino)-
ferrSE\alr&f)%fﬂ?b-?l rl%o%l?%é Wﬁ%yhlgsg a E)hb#ﬂni%}*e?fo'cgﬁe, 1,1"-bis(di-tert-
butylpligsphinojferroetingh Bny[(§h5§¢hh‘fmmli@agthipé)&rrweayi},eltmd}tﬂmydzldlhexyl-
oo Bt PSR phesonRolerpsapnighegphophosenine 2.2-
bis(diphenylphasphinonid’ minaphtbylsﬁg¢52#bbih§dl pHelpiphgspimirag-201'binaphthyl,
rac&mco&ré q)‘?sr{gl p-w %B)e1 aéih%?r{etw %g'gﬁjngtﬁylcap gj%lsl(ldlghénsyl-

orfpou
phozpl@nol)xaetbpn@pgrdnp}'réondxylphosphmOe(N N+drraethyllapirrm’)-w 1 bﬁaheAyI, 1,3-

. ' a
b's(?{?oﬁ%F§§'°?g@rﬁ%’3mg'd59°'ﬂnsée@'ﬁﬂl , }{\%:ré gnﬁng@mgazolfum chloride,
tertdutyb-di- badamantylphodpHirs, eFI*-M(\,‘BcHZI-(Q' dlahémﬂmolsprgamm}enwferrocenyl)ethyl-
i.ne b ntate
o GRBRBRESId, & AR BRSSERNE LSRR SUAS 10
bis(2,6-mhtbyphanyllireidaad!luatdchionideoorpitexeio dnppaliadiucocgmplee sorapound is a
compound of formula A-3 wherein Rg is 2,6-diisopropylphenyl or 2,4,6-trimethylphenyl.

6. A process according to claim 2, wherein the palladium complex compound comprises at
least one ligand selected from an N-heterocyclic carbene ligand, a monodentate tertiary
phosphine ligand and a bidentate aminophosphine ligand.

7. A process according to claim 2, 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-diisopropylphenyl)imidazolium chloride.

8. A process according to claim 2, wherein the palladium complex compound comprises at
least one ligand selected from 2-dicyclohexylphosphino-(N,N-dimethylamino)-1,1'-biphenyl
and 1,3-bis(2,6-diisopropylphenyl)imidazolium chloride.



| east one ligand selected fromtri-te/
- butyl - phosphi ne, tri-terf-butyl-phosphoni um

wa@ 2dor/atdesdr obor at e, PCT/EP2006/008398
2- di cycl ohexyl phosphi no- (N, N-di net hyl ami no) - 1
, 1' - bi phenyl and 1, 3- - 30 -

b| s(2, 6-diisopr opyl phenyl )i m dazolium chloride. 8. A

process according to claim2, wherein the palladium

conpl ex conpound conprises at |east one |igand

sel ected frgm i i ) '
9. A PIACESTRIRENRT IHIRIpHE. herein theipatiagivg eampley campound comprises at
| trr@Jb% 5 Iphenyl)imidazoliym chl
* bi gr‘ez éscgﬁ?%yo%reg%)))méhaezﬁ;/u?|Cmoéllg§ol i um chl ori de. 9.

A pr ocess accor ding to claim2, wherein the palladium
10.205RL63% SLBRANS FARDY, Wi@Reiring

1, 3 bi s?% 6- di'1 sopr opyl her%{rs mﬁ%’f%‘ ?OLT e )iw(ljoor?h)o pdls a
comppung s§ teéisfsoraaemth@%nqr@ Béwafmdump@ylwwalmldazol2ylidene-
pauaai'uhﬁ@im fé@%e@%&ls@l@%ﬂ@ H|s°(2% &QH&BP qﬁhé@f)ﬁﬁlﬁﬁ%l b [\hHbne-

ht hoqui none-1,"3- bl s( 2 I sopro
pa"zd*ym dehkip.6- dwﬁqpfﬁpymhenyimnwlaéolr%wﬁienwpauadmarwmonde and 1,3-

bns(g?rﬁ -Bils3propfipHehyifAiapil RHREKE LM AR, Hacerard | denepal | adi
1, 3-bis(2, 6-diisopropyl phenyl)i m dazol -2-ylidene-palla

11. w&%éjég%c?@ggﬁogﬁi’m#éﬁly ein the palladiym (iomd)éenxecop opqundiis
naphithesiginane-1,3t0is(26- 9H&Wewlpéﬂ@mdhr@IdagoltbylcdeaemaﬂadIMer ei n

t he pal | adi um conpl ex conpound is

napht hoqui none- 1, 3- bi s( 2, 6-di i sopropyl phenyl )i m dazol -
12. A grotensrascprlingidiciaim 61 Wheginpthedigssd sarseddh agatiooofdioa 10 000 to
: it ' ' dinaratio of from1:10
1.2@%@1‘5&@@?&?%O&m:}dg&ﬁ@gfc{r@utéﬁg conpound of forrmula II.

13. A compound of forrmula IV wherein R, R2, R3 and R4

13_%;ﬁn3%%gk?%imgmgmly of the others hydrogen or d-C

compound of formula IV according to
claim 13, wherein R4 is hydrogBs.

R,

N’H

R/© (),

wherein Ry, Ry, Rs and R, are each independently of the others hydrogen or C,-C,alkyl.

14. A compound of formula IV according to claim 13, wherein R, is hydrogen.



