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Process for the preparation of asymmetrically
substi tuted biaryl di phosphi nes Preparation of

weneostoooiser i cal | y pure conpounds is inportant POT/EP2005/006064

i nprove the effect of pharmaceutically active
conmpounds and to restrict unwanted side effects of the
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ARORORAp s PSS ORI P OB 8t SBRopyana converient methods
%m%h&@@m A8ed 613ARFordridall§ pﬁiel%ﬁg)oo%@z 3 g@iﬁﬁg methods for the

aml|ies are disclosed in EP-
Fecls B moobotmalendarchirplityl dtharmassptieal iactite,compounds and compounds

Furt her nor.e A-.03/ 029259 di scl t hesi f

(ERET0E (RO PIRY. AR 1 reAeLE fypppediing FOlE Ty Symfielic Cfigmisgy- Séveral
Q‘i}ﬁmos?ﬁin@ ﬂiﬁandTﬁhﬁlﬁlé%%é eoth@ibhly 1304 wifBthed t@de AdD2s, feexample
use of net hyl enedi oxo and ethglened|oxo substi t ut ed

BIRAR. & AcDIOR INIBHOS; SEGEHAS ande T YNAPHOS.

hydr ogenati on of ethyl 4-chloro-3-oxobutyrate is

descri bed. Further exanples for the preparation of

N1athylsior pRasppdrmtasm etdarskiyshosphihe ligatds 06 #RBINAP, SEGPHOS and

reactions using catalysts derived from

BV GNP Qs s rse #}S@%?ﬁ%ﬂsmaﬁ»l’eAd%Sc%’»s E8-A358945and Wiy A-01/21625,
s - n . . .

Saeca Tl WO F ot A el Egor Y 106 derivative

WfSBORHQRaapits nes are

In Pai, C.-C. et al., Tetrahedron Lett. 2002, 43, 2789-2792 the use of methylenedioxo and
ethylenedioxo substituted biaryldiphosphine ligands for the asymmetric hydrogenation of
ethyl 4-chloro-3-oxobutyrate is described. Further examples for the preparation of biaryldi-
phosphines and asymmetric hydrogenation reactions using catalysts derived from biaryldi-
phosphine ligands are disclosed in EP-A-0 926 152, EP-A-0 945 457 and EP-A-0 955 303.
Usually both symmetrically and unsymmetrically substituted biaryldiphosphines are
claimed, though only examples of symmetrically substituted ligands are disclosed. With
only few specific exceptions, no general applicable synthetic route to unsymmetrically

substituted biaryldiphosphines and catalysts derived therefrom is disclosed.

Biaryl diphosphine ligands consist of three different moieties, a rigid biaryl core, substi-
tuents to hinder biaryl rotation and usually two phosphine groups with voluminous

substituents to complex a transition metal. Known examples of ligand systems

CONFIRMATION COPY
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route to unsymmetrically substiputed
bi aryl di phosphi nes and catal ysts derived therefromis

P PRI LM B lp OGS, A e

core
t exahiphel@rO- -2 M04920di8¢1bs28 agymameizicdlydyo geﬂﬁhdihhﬁ%ﬂfy’l Ahloro-
groups with vol um nous substituents to conp

t$'8ﬁ%1?‘%t}’f6??» HEingp catkwémn&uaﬁg rlgshgﬁndmﬁwtmt% P haneo-

t (o) :
Is%gﬂﬁ(s{:d aﬁh&ﬁgﬁ) ) n‘x’ﬁed) gl %ﬁg z{rl%é}g)? ésf(cgd'tzﬁpé'd']\glth an enantiomeric
WEMAwQ2@4ﬁ4826dlscloses asynnetrlc hydrogenation of
et hyl 4-chloro- 3-oxobutyrate, using a catalyst
containing the ligand (S)-6-nmethoxy-5",6"-benzo-
2 [ ) Y .
DRSPS oL B0 L0y st
BRarid @)164&64& dmdo&éﬂ%s&ntﬁébidﬁzﬁ&ﬂplet anemod sydtwbkpibipagiuce a broad
with a trjcall stl ted core, bhut the
dYasEhoRtAtte SAFA #R %9 lﬁ(éi“ fisateg z:,a tphgﬁnm%h%an%
produce a broad variety of different asymetrically
substituted biaryl di phosphi ne |igands. For the
sartthesynghasis afitlee invergiveiasgmmstrivhsenyldiphosphines a major obstacle had to

hge gbqoigi)eg%s eﬁlcﬁgﬁgﬁ% WSE""-ﬁ{pﬁeﬁﬁSh&Sh%-z l\{t%{o%?pq%nyl genera-
Zed dé &hﬁﬁ&h&ﬁ&?@ﬁil@@t@m&ﬁ%ﬁ' 2P RRATAILY GEIBB%%&ed Bﬁry@(ﬁpﬁ&phme by

intermediate failed to yield an asymmetricall
sqmdmsam@wﬂhuaaﬂew@u qbllmg@mrgaeywommwmnmt, ifjatsingle fluorine,

f(f%u Yo nt{je cg:rl'i)lr Cr%l?n%l a e%g iglhf%s %hg)gx %ﬁlirﬁ]armnla rgroa}llgévi[{:sg{gt%ched to the

rine, SR Sin
dslﬁr@ﬁ UMiyamdttg TOK Oétfal. M@@ixh@ﬁbﬁ@hbﬁ 1989, $73@si2; Desponds, O.,
anot o . et al omet . Chem 1989, 373,

ssge%oﬁ @ga@metggkﬁn@ slggg 5q9|, 25’21) The ggnmp@gls u@qggq nucleo-
l@ﬁ@% Ixfogﬁtlrugn%ﬁ 3 th[eﬁg&ﬂ)ﬁ%@ A Fnd fzﬁﬁ?}{‘f&l ﬁ)&g 2{1‘ Heﬁz?[b]phosph-

osphorus atom an

ahflole ¢94phodphiafl a¢rene) KA naksticeess i Bjﬁpﬁ@dﬂﬁ:ﬁ kosthe émehtive ligands are

Known unsuccessful approaches to the inventive |igands
fepicted in Sc%eme 1 below. PP 9

Here and hereinbelow the term “enantiomerically pure compound” comprises optically

active compounds with an enantiomeric excess (ee) of at least 90 %.

Here and hereinbelow the term “C;_,-alkyl” represents a linear or branched alkyl group
having 1 to n carbon atoms. C;¢-alkyl represents for example methyl, ethyl, propyl,

isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl and hexyl.

Here and hereinbelow the term “C;_,-alkoxy” represents a linear or branched alkoxy group
having 1 to n carbon atoms. C;_¢-alkoxy represents for example methoxy, ethoxy, propoxy,

isopropoxy, butoxy, isobutoxy, sec-butoxy, fert-butoxy, pentyloxy and hexyloxy.
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depicted in Schene 1 bel ow. Here and hereinbel ow t he
term"enantionerically pure conpound” conprises
Wo@pikoad7By acti ve conpounds wi th an enanti onmer PCT/EREI 806064
(ee) of at least 90 % Here and3 herei nbel ow the term
"Cl-n-al kyl" represents a linear or branched al kyl

SRR TRl o RSR, BAcrCl FBc appospin ics

i soprgpyl, butyl, isobutyl, Xsec-butyl, fer/-butyl X
he nd(her ejnhel ow the term

" repr esent i ng §r branched
g 1 to n carg '\ C1- 6- al koxy
represents tor exanple mnett et hoxy, propoxy,

| sopr BpoR(, HHUt oxy, isobut@iyli sec-butoxy, r (HBLY,BXBs
pent yl oxy .and hexyl oxy. Schene 1: Unsuccessf ul

approaches N o asymretric y suRstituted di phgSphine
| i gands. Her®,and herei pbel ow t he(term
"C3-n-cycl oal Kyl " repr#sents a cycNoal i phathc group
having 3 to n carbpon atons. Cs-io-cyclgal kyl

represents nono-/and polycyclic ring gystens such as

cycl opentyl, ekyT\ cycl ohept

adamantyl or Her e and he term
"C3-n-cycl oa Pptresents a cy gr oup
having 3 to n cay; gt pms. C5-1 Ipogl;

represents for eiaon%sgyclopenty 6x§2 ciclohexyloxy,

cycl ohept yl oxy, ,cyel ooctyl oxy or cygtodecy XYpR, LI €

and her ei%‘e@l the erm " di;cG 16,4l kyl am #0X

represents di al kyl ahgno group @onprising t al kyl

noi eti es i ndependently having 1 to 6 carbon atons.

Di - C 1X6-al kyl ami no represents for exanple X
i ' —et\hyl ap=np, i V-ethyl -
, §i No,

her ei hbel 6w the term "aryl "~ epresents an aromati

gr oup? pP&iEpabl y phenyl or rﬁ)apht hyl opti onal(ByChB8i nBR,
further substituted with one cof nore hal ogen atons,
niith X =aHJF o€, B @CHg/ N((s), and/ dr optional |y
substituted Cl-6-al kyl, Cl-6-al koxy or

di - C1- 6- al kyl am no groups.

Here and hereinbelow the term “Cs.,-cycloalkyl” represents a cycloaliphatic group having
3 to n carbon atoms. Cs_jo-cycloalkyl represents mono- and polycyclic ring systems such as

cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, adamantyl or norbornyl.

Here and hereinbelow the term “C;_-cycloalkoxy” represents a cycloalkoxy group having
3 to n carbon atoms. Cs_jp-cycloalkyl represents for example cyclopentyloxy,

cyclohexyloxy, cycloheptyloxy, cyclooctyloxy or cyclodecyloxy.

Here and hereinbelow the term “di-C;.¢-alkylamino” represents a dialkylamino group
comprising two alkyl moieties independently having 1 to 6 carbon atoms. Di-C.¢-alkyl-
amino represents for example N, N-dimethylamino, N, N-diethylamino, N-ethyl-

N-methylamino, N-methyl-N-propylamino, N-ethyl-N-hexylamino or N,N-dihexylamino.
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Here and herei nbel ow the term " Cl- 3-al cohol s"
represents nethanol, ethanol, propanol and

w0 s@proaeanol . Here and hereinbel ow the term  PCT/EP2005/006064

" Cl- 3-al kanoi c aci ds" representg formc acid, acetic
acid and propanoic acid. Considering the high
iGLan

na%u : afﬁ&&l%xﬂ{elogv{}ge & 47 e% hpor Eehtg S%ng[‘%ﬁ%{fcy %Bﬁpﬁ_g'ref@rably phenyl or
sepehil optﬁ)nalaylblelﬁﬁ ﬁtrﬁhee aubstinftedawith bn@ ornoretiahdgentatoms, nitro and/or
particularly for the product| n of pharmaceuti cal
iamine gouphgndiorppticnadly RSB tgtEd -Gl rﬁlmﬁmﬁ% 3r.-alkylamino
%{)% gd by the present invention was to provide a

od for the tailored synthesis of a series of
bi aryl di phosphines. A further problemto be solved was

t I d bust

ot eEhereibaB e Ty SR CD AL cteBl> figaal, ethanol, propanol and
Qﬁﬁ geutical industry. Furthernore, the genera

co pt should start with an easily avail abl e conmpound

and should contain few reaction steps, allow ng the

nt he %%L?@W%de ngéet%foﬁa& g%?gggﬁgp % depe e@&tlc acid

?ﬁgﬁﬁ&c%%dthe process of claim1. PrOV|ded |s a
proce for the preparation of asymmetrically

substituted biaryldiphosphine | i gands of the

LTI MR PR S e T YR—

%&iﬁffoﬁ AflspgdAt Rthprey eXeRchvitipdndBéTH cidh &y @fﬁirﬁﬁél@ﬂcaftz{l% partlcularly

e gro consi sting of aryl, C5-1lo-cycloal kyl and
uctlmefmwwﬁca}wmtwﬁt@gyomﬁomsisi onal |y
substltuted with one or nore substituents sel ected
fromthe group consisting of hal ogen atons, nitro,
arfenechnicht Frodldayto beSblveddlykhe presdi imlientidn Gragtdgyrosid aanethod for

gdrlg ‘ya[ljl?)r’edosginthesis of a series of biaryldiphosphines. A further problem to be solved was
to establish said process in a robust manner to provide suitable amounts of ligands for the
pharmaceutical industry. Furthermore, the general concept should start with an easily
available compound and should contain few reaction steps, allowing the synthesis of a

wide variety of ligands, only depending on the reaction sequence.
The problem could be solved according to the process of claim 1.

Provided is a process for the preparation of asymmetrically substituted biaryldiphosphine

ligands of the formula
1

A\
0

®*,P PR},
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R2 is d -6-alkyl or Cs-io-cycloalkyl, and R3 is aryl
optionally substituted with one or nore substituents

W@ 2006002360 from t he group consi sting of hal ogenP@r/BPENS/006064

nitro, amno, Cl-6-alkyl, C -6-aal koxy and
di - C1- 6- al kyl am no groups, and each Cl-6-al kyl,

ST e S sl iy G ARy RO AL LG 1 one or more
AR god atdBisCartdial ogen atons, conprising a first reaction

sequenge, wherein one bronine atomof
R 2nd &’ gre equnl ansk pselpppd ipm the seovpieanyainapiiarylgRa oy cloalkyl and

om - J . . . . .
&N SR THRIA & UAPIE SR R S ore subsituents
geleped Aidnothe fopsupdonsivtigs €f haldgkniasonas nilef, améb, @y @iyl Cy¢-alkoxy
and further reaction sequences, wherein each reaction
@@édbﬁm—eaﬂfd}ﬂmm@&ou@ﬁ, | east one brom ne-netal exchange

Qd subsequent netal -substituent exchange with the
respective substituent, thereby exchanging the
RE9pEct-alkegl br ONjorgciduliyl and RA isatgboptionelhy substituteat wih one or more
fromthe group consisting

) of . hydr ggen, ) .
grbstijpemkohRsieddrom thegroun gonsipting ot EﬂP&%‘ alpygs, nitro, amino, Cy.¢-alkyl,
§ - CSeAQr L gal | i The brom ne- net al
?%é%%dﬁsaﬁﬁgl&]?’?g?eﬂa@?ﬁﬁte e&'l&ﬁ’st ant invention may be 5
@ad eadhdC paalkyl, Chs-alexy aditC ek daminot andfCstifreyeleal sdgrouein R” and

r;gano ll.ic co nd.at ate rature, below -40 C
TS hRsing TS A LR RO B e B o a1 a
tenperature of at last O C ("high tenperature
brom ne-netal exchange"). Chiral biaryldi phosphine
|cogprisimgadirptieadtion sequsinae,Wwheseia oae bromin¢ etem ef 2,2°,6,6’-tetrabromo-
EFrnangntly tw sted around the central carbon-carbon

&#&mﬂ ve two atropi soners. Asymmetric hydrogenation
with transition nmetal conpl exes are preferably
performed with one of tHeBatropi soneres and optionally
further chiral auxiliafies.\ Therefore, it should be
appreci ated that ? to ligands of forgyla

Br Br

is exchanged with OR' by bromine-metal exchange and subsequent metal-hydroxy
exchange, followed by an alkylation, to afford a compound of formula

R\
O Br

Br Br
wherein R! is as defined above,
and further reaction sequences, wherein each reaction sequence comprises at least one
bromine-metal exchange and subsequent metal-substituent exchange with the respective
substituent, thereby exchanging the respective bromine atoms with substituents selected
from the group consisting of hydrogen, diarylphosphino, di-C.¢-alkylphosphino and
di-Cs.jo-cycloalkylphosphino.



10

15

20

25

30

wherein R, R2 and R3 are as defined above, inplicitly
includes its atropisoners 1"-S, and V-R if not

wo@rdlvenod73€ specified, e.g. by indicating thei rP@DEPI00VE6064

(+) or negative (-) optical rot@tion. The undesired
ring closure nentioned in Schene 1 above can

rRLLSi b o] I J ; .
SRR o A SRRt s ot vt
pheRquiaéd anowtt of cepesprdtvedrghminirthléic compeuriepiactmferature below
Schene 2. The é¥gﬁhetip approoach of Schene 2 starts o
wiP R CA{ Tow tgmperaiure Prspinaangtal exphangenyr af ¢ tamperapreradiaplast 0 °C

¢ ' t g i baced by an al koxy or
gg@%@%@ﬂ%gﬁm%ﬁgﬁ%ﬁk #%B%%H&ﬁglﬁcan be obtai ned by
condensation of |, 3-di brono-2-iodobenzene (I1)
according.to Rajca A et al,, J.. Am em Soc. 1996,
{hgral biandiphosphinedigsnds GRS A zlgq]%tpn §ighgis permanently
% . fioati .
SRR Ra SOCIHA clobA oo B BARC ok APl
dydtogesatioh veigetnasitifn methl/cdmflersds are wefdrabdy perff@nied veith one of the

Sche 2. Preparation of |jgands.l fr ) .

@}rgpgeerpsre.s@@ PRl Eﬁ“ﬁ?“r‘é ﬁbﬁgﬁ(amh)aﬂ% Eﬁs&?fw& iy should be appreciated
' i | group Rl1, R2 and R3 as

e@%?&%?ﬁe&é%%@{%%?ﬁ@‘l eq. |ow tenperature

brom ne-nmetal exchangg;, [a-2] = 2 eq. |ow tenperature

brom ne-nmetal exchange)\ [a-3] = 1 to 2 eq. high

t enper ature broni ne-net@ exchange; [b] = borane

oxi dation; [c] = alk i on; = hydrogen quenchi ng;

[e-1] =1 eq. net cl oal kyl phosphi ne

exchange; [e-2] = kyl - or I

®*),P PR,

wherein R!, R? and R® are as defined above, implicitly includes its atropisomers

®"),P PR}, ®),P PR},
I’’-S, and I’-R
if not otherwise specified, e.g. by indicating their positive (+) or negative (—) optical

rotation.

The undesired ring closure mentioned in Scheme 1 above can surprisingly be avoided by
the inventive process. The reaction sequences of the present process for the preparation of
compounds of formula I are depicted in Scheme 2. The synthetic approach of Scheme 2
starts with 2,2°,6,6’~tetrabromo-1,1’-biphenyl (III), wherein one bromine atom of III is
replaced by an alkoxy or cycloalkoxy group. Compound III can be obtained by

condensation of 1,3-dibromo-2-iodobenzene (II) according to Rajca A. et al., J. Am. Chem.



10

15

20

25

[e-3] =1 eq. netal -aryl phosphi ne exchange; [e-4] = 2
eq. netal -aryl phosphi ne exchange. In a preferred

werwediatent , the first brom ne-netal exchange BET/EPE05/006064

conpound of fornmula Il is carryed out wth one
equi val ent of n-butyllithiumat a tenperature bel ow

48Pl 1189574 RSN S AR B AP0 i

| dehievedbly alodifichtion tDible Ovdengrendionl teriyetamiy atkefuan@et bsiounts of
carried out by reacting the netallated internedi ate

vigents o1 paly rResisrreagtiganbbiercdt e, and fol | owed by

reaction with a peroxy conpound in the presence of an

al kali and/or earth al kali hydroxide, and the

dHdkymatt Prephstioanf ligghde Utfront 2,0°,6)6°-edtabloatiobigheagEAID) foplacing one
the presence of a base. In a preferred enbodi nent, the
JuemHe aem §riiao® Rl €99 1 uor odi met hoxybor ane

di et hyl ether adduct, triis&propylborate or

trinmethyl borate, preferably®i\n ethereal solution. In

anot hemBrpref erred enbodi nent, & Be peroxy conpound is

qy er preferred

' al kal i hydr oxi de
he Qﬁ? 8 is selected

fromt group consi $ting "of 2LiOH, "NaOH, \K@#5] Ca(OH) 2

and My( 2. In a fuyrther preferred enbodiNgent, the

base Qf al k@ﬁl'zd lon reaction is an al kgl\ and/ or
earth[:aa]]]lgg]éﬁ hydr gxjiecid, sel ect ed fromthgdagr

conskRgtifhg of Li

a pref rgfd progess the al kyl
Cl- 6-a hal

di pre Q

Br Br ®),P PR},
IV
[a-l]l[e-l] [a-3]
Rl\ [e-3]
0
(R*),P Br
VII

R!, R? and R? as described therein,

[a-1]=1 eq. low temperature bromine-metal exchange;
[a-2] = 2 eq. low temperature bromine-metal exchange;
[a-3] =1 to 2 eq. high temperature bromine-metal exchange;
[b] = borane oxidation;

[c] =alkylation;

[d] =hydrogen quenching;
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iodide. Particularly preferred the al kylating agent is
i odonet hane or dinethyl sulfate. In a preferred

wWEe@emss30 wherein a further reacti on sequence PGI/EP2005/006064

carried out starting fronconpoupds of fornula IV
above, conprising a | ow tenperature brom ne-netal

T P T St en et fatres 88 hpound of

f[@QT“'Z%qIV\Hﬁan?jaﬂcyBloﬂ ycRBIFHog I aBRMMgeand R2 and R3
are equal and are arﬁ_l optionally substituted with one
de-3herleeqs mistal-iarylplmsphiveleachasge;f r om t he group

onsistin hal ogen. at o nitro, am no, Cl-6-alkyl,
&'QET;%%?%'&@%E%&W@%? P%mi no groups, and each
Cl- 6-al kyl, C5-10-cycl oal kyl, C*-al koxy and di -

Cl-6-al kyl amino group in R2 and R3 optional |y being
Jupréfemedembpdiments thedfirshlpreminmameigh ex chpagasof thegompeund of formula

Ay S SO S S
g D&d. New RhRrataxtionGRe-deth] SUNSLEHTRIH a pelacdol wht W dfford a metallated

proton_donor, to afford |igands of fornula wherein R1,
Roteemetiste ThedoHewingrmetaldhydioxoensbanas ivcapsd eut iy westingdghe

| . . . r .
A58 BRSSP B AT AN ERORARSR vin
qi@fnﬁ@,coﬁtpﬂ?md ) thg peestiny of anpikatitand/er bardnalkai hypdrakide, and the
exchange of .one brom ne_afom of the aryl noie

SO TIOB L GRrriot oWl ith A Ak IAVEE ABRR SL e EUGTERGe O @ base.

nmet al - hydr ogen exchange by reaction with a proton

donor, to afford a conpound of fornul awherein RL is as

de hipneferredbentbodinentt, thefhorsgdear organobemafeds finarodimethoxyborane diethyl

S B SRR it a0R b S B T AT o
ligands of forrmula I, wherein Rl is as defined above,

and R and R are equal and are selected fromthe group
dorsother pregfead amppdiment, the peroxy compound is selected from the group

consisting of hydrogen peroxide, peracetic acid, m-chloroperbenzoic acid and tert-butyl

hydroperoxide.

In yet another preferred embodiment, the alkali and/or earth alkali hydroxide in the
reaction with the peroxy compound is selected from the group consisting of LiOH, NaOH,
KOH, Ca(OH), and Mg(OH),.

In a further preferred embodiment, the base of the alkylation reaction is an alkali and/or
earth alkali hydroxide, selected from the group consisting of LiOH, NaOH, KOH, Ca(OH);
and Mg(OH)s.

In a preferred process the alkylating agent is a C;.¢-alkyl halide, a Cs.jo-cycloalkyl halide
or dimethyl sulfate. Preferably the C;¢-alkyl halide is a C;.¢-alkyl bromide or C.¢-alkyl

iodide. Particularly preferred the alkylating agent is iodomethane or dimethyl sulfate.

In a preferred process, wherein a further reaction sequence is carried out starting from
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C5-i 0-cycl oal kyl and Ci1-6-al kyl, wherein each aryl
noiety is optionally substituted with one or nore

wawsnideent s sel ected fromthe group consi stiPQI/BP2005/006064

hal ogen atons, nitro, am no, Cig6-al kyl, Cl-6-al koxy
and di-Ct-6-al kyl am no groups, and each d -6-al kyl,

PR atle s bl SREFREa g etpete e MRt cxchanee

@Tewo brdtlihe atoalsemdRubeqidnt ntiltphREptahO¥icietkd, fo #fE@ atompound of
process, wherein a further reaction sequence is

dammylad out starti ng from conmpounds of fornula IV
above, conprising a | ow tenperature brom nenet al
exchange of one brom'ng atom of the aryl noiety
containing two bromne gtogs and subsequent

nmet al - hydr ogen exchang¢ by Aheaction with a proton
donor, to afford 5t—X ornmula VI, wherein Rl
is as defined abo S nper at ur e v
brom nenetal exchaRge @f onwg m ne atom and ’
subsequent netal - phospki ne £xchange, to afford a
conpound of fornul ZRWEr ei K i s defined above, and
R2 is C5-10-cycl oal kyl or Ci1-6-al kyl, the Cl-6-alkyl

%heé}éﬁk@iscé(scdeﬁ%&ﬁﬁ W@ Qup optionally being substituted
o ot

one or nore hal ogen atons, and a high tenperature
cmiid /RS -aneéqpiial endcdrengd opfiondily substiited mathlome wr nraswstituents

d | - phosphi hange, aff ordi
Pt 08 the grorih conpitin, o ANESRE A B ABIOLS Clrer el calkory
g@e E.C, @Ry R3nihs sRiupb, a‘?xlﬂtéaglﬂéll-%-)ﬂk%ﬂ ?%téag%ﬁ%kw ENs-8MBxy and di-

nore substit uents ‘sel ect ed fro
€ansillsylamipogroursindyj emd R cyptionallyt being substiutedGlitleond ¢ayhore halogen
%- 6- al ‘ony and di -G -6-al kyl am no groups, and each
g g yl, GCs.io-cycloal kyl, Cl-6-al koxy and di -

Ghe Rnditii Bfvntife SoBLGY the chiBp&iid chTadnhla ek Béplaced with hydrogen by
substituted with one or nore hal ogen atons. In a
higt empertwabeaninemetalexelange and equent feaction with a proton donor, to

brom pne- net hange is carried out with an
3?%%@%G§Pﬁog%§%npound such as n-butyllithium
i sopropyl nagnesi um clﬂlori de or lithium
tributyl magnesate at a\tenper ature bel ow -40 C,
preferably in the rangeOof -60 to

() L

®),P PR,

wherein R!, R? and R? are as defined in compound V above.

Provided is also a process, wherein a further reaction sequence is carried out starting from
compounds of formula IV above, comprising a low temperature bromine-metal exchange
of one bromine atom of the aryl moiety containing two bromine atoms and subsequent
metal-hydrogen exchange by reaction with a proton donor, to afford a compound of

formula
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-90 C. In a preferred enbodi mrent each | ow tenperature
brom ne-netal exchange is carried out in a polar

W@ 060730 pr ef erably contai ni ng tetrahydrof ur arCT/EP®05/006064

renoval of the last remaining bygom ne atom from
conpounds of fornulae V and VII, as depicted in Schene
2, requires different reaction conditions for the

hal ogen- net al exchanqgl In this reaction sequence, in
a preferred enbodi nen X t he hal ogen-netal exchange is
carried out with an org&nonetal lic conpound such as
n-butyllithium ter ' i thi i sopropyl magnesi um
chloride or lithiu ghesate, at a I

conpound ( 1 to 2 eqi %Ig s) depends on the
substituents attached t8' the bi aryl noiety. In nost

Sin¥® "85 gg&@%hgg&ve%%& he organonetal lic conpound is

sutfrcient to replace e hal ogen atomw th the netal.
lanfusthpr lefvetemperatn® brainiireHndtdl @xthaglge bethe @émiiding bromine atoms and
brﬁm ne- met %exchange i's carfri ed out in_a solution

Y tp P

reqpeRtRetlophospling Fephapes attprkigabismds afforpylad, wherein R is as
Mefihed %ﬁqre?m RN &8 @%ﬁk‘g gﬁ(g %ﬁe@%@ﬁ ;frolrrf‘ vvgrt%%&&; &Hsisting of aryl,

fromthe group consistin - al cohol's,
rGne-excldalkyihandi Quoradlayli whereint each acil dsietsndoptionally substituted with one

Cl- 3- al kanoi c,  acjds.. Preferably the .non:oxidizin . .
08 P oDt e s o rp i e 3B gt amino,
i tbalkyiechy-dikeee Elndj@i'i@{.ﬁ-ﬂl&quﬁﬂ%%koﬁﬂﬁ RN ERB)C,lSalkyl, Cs.jo-cyclo-
carried out at a tenperature in the range of -60 10 )
-yl 0 -6-#lkoxy ndediel reetlk ¥ mibirwi grevip int R'eanddR a0 ptiohaldypbéing substituted
exchange is cafried out using a hal ophosphine of the
f%lgl}r?ﬂleg?fllwr,e%o@%? ™ is chiorine, bronine or iodine

and both substituents R are equal and are R2 or

Further provided is also a process, wherein a further reaction sequence is carried out
starting from compounds of formula IV above, comprising a low temperature bromine-
metal exchange of one bromine atom of the aryl moiety containing two bromine atoms and
subsequent metal-hydrogen exchange by reaction with a proton donor, to afford a
compound of formula VI, wherein R' is as defined above, and a low temperature bromine-
metal exchange of one bromine atom and subsequent metal-phosphine exchange, to afford

a compound of formula

1

N\

o

®R%,P Br

wherein R is defined above, and R? is Cs.o-cycloalkyl or C;.¢-alkyl, the C;¢-alkyl or
Cs.1o-cycloalkyl group optionally being substituted with one or more halogen atoms, and
a high temperature bromine-metal exchange of the remaining bromine atom and

subsequent metal-phosphine exchange, affording ligands of formula I, wherein R' and R?
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R3, wherein R2 and R3 are as defined above. Dependi ng
on the intended substituents, the hal ophosphi ne of the

W orombzz30/l || i s sel ected fromthe group consi BCT/RP200$/006064

hal odi aryl phosphi nes, hal odi - (
5-10- cycl oal kyl ) phosphi nes and hal odi - (C 1-6-al kyl )

o O%ﬁgfreéﬁmﬁ BPOSy St Cﬁéy w@%b}ga &tuibgtlfl{tg qlawlglbgget qrapqrg gubstituents
Welebte@ %n?fhe 6L?p SoRtih Hﬁﬁl@ge%ealtcﬁﬁi @iskrd, raﬁﬁh& 491'11@}{‘@1 g-alkoxy

consi sting ha ogen a nitro, am no, -
@hd di- E@x-}alla/ﬂ‘ammp -gdoqu, mdleﬁblaﬁﬁl nalkg'l ﬁsps-cyﬂmlkyinél J; ylkoxy and di-
al k | am n
STl oo Rary Bk SFSHRESLRIA RGPt R Hfogen atoms.
fornula VIIl is substituted with one or nore hal ogen
atons. In a preferred enbodi nent the hal o phosphi ne of
tlhe preferred em dlments es@l lewtt@mpenamw bromige-meatel caelsinge isrmgtried out

glﬁggri:&%:a% gsﬁt)c cp Exre.ﬂs Wgﬁ gsthiqrg,rlg?ﬁr?pxlglagnemum chloride or
GhiRhOSibaK I ARRIME BhORRIPeRure below —40 °C, preferably in the range of —60 to

br onodi cycl ohexyl phosphi ne, chlorodlphenylphosphlne or
b&@ﬁﬁblphenylphosphlne Provi ded are conpounds of

(}Bfllps?f FV\@' exgu%Q {r}ephef'aé;g ?Wv ?ehn? oeﬁ%turoe?grognelr% ﬁygxc?lgrkaé%%s carried out in

apbldZobvedt, Peefakblyeabainiagtah@rsfiract ed fromthe
group consisting of aryl, Cs-io-cycloalkyl and d

-6-al kyl, wherein each aryl nnlety Is optionally
S[%%%@h%l%‘?tﬂ@ 164} 100 infHe BIBIHOR Ei;}hﬁs\ﬁﬁk B¢ fdifhulac V and VIL
fromthe group conS|s ogen

awidepicted in Sekdrky/2,, re@’hre@ deﬂféramtezmmdn donditiofs fak kel }mh] gan-metal

gr oups, or Is C5-10- cloalk or Cl-6-al kyl, and R3
iexchnge- Iaﬁgzsamlpg S I\ B PTRHEEht p BaloBen-etal
P §E W rSeP EtSHiPLh &fﬁ]&fmrﬁé%ah% po&mﬂcﬁfag %ugfmthmm tert-

n atons, nitro, C1- 6- al Koxy
amylntmm,- iSembkxlhmgilasmng cldondg or lithium tnbutylmagnesate at a temperature

of at least 0 °C, preferably in the range of 0 to +40 °C. The amount of the organometallic

compound (1 to 2 equivalents) depends on the substituents attached to the biaryl moiety. In
most cases one equivalent of the organometallic compound is sufficient to replace the
halogen atom with the metal.

In a preferred embodiment the high temperature bromine-metal exchange is carried out in a

solution containing toluene and/or tetrahydrofuran.

In a preferred embodiment the hydrogen donor is selected from the group consisting of
Ci.3-alcohols, water, non-oxidizing inorganic proton acids, and C;.3-alkanoic acids.

Preferably the non-oxidizing inorganic prbton acid is HCI.

Preferably, the reaction with the hydrogen donor (hydrogen quenching) is carried out at a

temperature in the range of —60 to —90 °C.

In a preferred embodiment the metal-phosphine exchange is carried out using a halo-

phosphine of the formula



and each Ci1-6-al kyl, C5-10-cycloal kyl, Cl-6-al koxy and
di - Cl-6-al kylam no group in R2 and R3 optionally being

wawsniaas ed with one or nore hal ogen atons.  PCT/EP2005/006064
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Furthernore provided are conpoynds of fornula wherein
Rl is Cl-6-al kyl or C3-10-cycl oal kyl optionally
substituted with one or nore hal ogen atons. Provided
are conpounds of forggla wherein R1 is Cl-6-al kyl or
C3-i0-cycl oal kyl optipnally substituted with onewar,
nore hal ogen at ons, \g R2 and R3 are equal and are
selected fromthe oupRponS|st|ng of aryl,

li})sfgs %qr?’ngh liolng}n%%w mte)él{u%g stuﬁétgﬁengt‘%? ¥aeua1 and are R” or

qv’osxnlbmm?andsw getedefin@atohe group consisting of
haI ogen atons, nitro, amno, Q‘-al kyl, C -6-al koxy and

- Cl-6-al kyl am no groups, or R2 is C5- 10- cycl oal kyl

AN, N

Ciﬁdiﬁltlﬁd %'Bﬂp %nsib@h?@fﬁal@ﬂﬂfﬁphdﬂphh@s , halsdH(Cs.o-cycloalkyl)phosphines
y Cl-6-a koxy and di-C 1-6-al kyl am no groups,

aﬂﬁéh@h@h @us-gkghRlgsphioes. o- cycl oal kyI Cl- 6- al koxy and

di - C1- 6-al kyl am no group in R2 and R3 optionally being
substituted with one or nore hal ogen atons. The

| Eneh iyl gobgitwanit dﬁ&edﬁhﬂmﬂﬁﬂhosphirfeoncbmﬂyas opidoraily sklistitiged with one

C1- 6-al kyl . or - 0-cycl gal kyl optjanal Ly substituted
VATEROTE ﬁ\ébs&fu%w@lmdé@%ﬁ&  Cntsp of Yelagreaipa niro, amino,

L PURIECH < US| Pty oy I GO .
suxlys 8i-€ ug-alitylantio amkCorp-ayoloelkylLigroup ofi ﬁmlmlcgnbba:&mabf the formula
f\r/ﬁmstsltqlgstituted with one or more halogen atoms. In a preferred embodiment the halo-
phosphine of the formula VIII is selected from the group consisting of halodiarylphos-
phines and halodi-(Cs.jo-cycloalkyl)phosphines, more preferably is chlorodicyclohexyl-
phosphine, bromodicyclohexylphosphine, chlorodiphenylphosphine or bromodiphenyl-

phosphine.

Provided are compounds of formula

1

A\
0

®),P PR),
wherein R is Cj¢-alkyl or Cs.jo-cycloalkyl optionally substituted with one or more
halogen atoms, and
R? and R® are equal and are selected from the group consisting of aryl, Cs.jo-cycloalkyl and
C1.¢-alkyl, wherein each aryl moiety is optionally substituted with one or more substituents
selected from the group consisting of halogen atoms, nitro, amino, C;.¢-alkyl, Ci.¢-alkoxy

and di-C;.¢-alkylamino groups,



10

15

20

25

30

group consi sting of hal ogen atonms, nitro, am no,
Cl-6-al kyl, Cl-6-al koxy and di-Cl-6-al kyl am no groups,

wapaemaabo Cl- 6- al kyl , Cs-io-cycl oal kyl, Cl-6- aPRDEP208516D6064

di - C1- 6-al kyl am no group in R2jgptionally being
substituted with one or nore hal ogen atons. Provided
is the use of conpounds of formula wherein Rl is
& -6-al kyl or C3-10-cycl oal kyl optionally substituted

\thlé’l 09 nec g@loall@ﬂ er 0al-alish) and Bi%s arghéptidAaky sutsBtudddewith one or more
ua are selected fromthe group consisting of

au tltue@si setectogdrasm thegrowmepnsptiag kY haloggneatems, mitierpmaipg Cis-alkyl,

ted with one or nore
sdﬁé%m?%éﬁgs séfgﬁ¢ﬂéﬁ#8%#$%ﬁe group consi sting of
had @MC?J—QH‘}I Chli - ¢y@loatktyl O, ¢-4Mko 6, z&idldilCl Gk fAamlo@tyup in R* and

d di - - 6-al kyl am ng groups, orR2
%‘},lbl bsangspbsiguted pwigh enagn morsmalqasn ptomsy v |

optlonally substituted with one or nore substituents
selected fromthe group consisting of hal ogen atons,
MRutthermagprovided aratdapoundd oSfoainkixy and
di - C1- 6- al kyl am no groups, and each G -6-al kyl,
C5- 1o-cycl oal kyl , ClyQ-al koxy and di - Cl- 6-al kyl am no
group in R2 and R3 opthonally being substituted with
one or nore hal ogen atdfs, for the preparation of
catal ytic active as of{ransition netals,

preferably of rut o or indium Sai d¥
Jransition metals ¢hn be

catal ytic active
used for hydrogenat preferably asymretrically

hydr ogenati ng, of a o-o d containing at |east one
unsaturat ed prochiral System Preferably the products

STREFE urds CLaRIY B eorpO b oS hER T et B gmore
HaReeRbtoaRRp! i cabl e nmet hods for the preparations of

catal ysts and catal yst solutions are disclosed in
Ashworth, T. V. et al. S. Afr. J. Chem 1987, 40, 183-

Provided are compounds of formula
1

R\
O Br

(<) v

®),P PR},

wherein R! is Cy¢-alkyl or Cs.jo-cycloalkyl optionally substituted with one or more
halogen atoms, and

R? and R? are equal and are selected from the group consisting of aryl, Cs.jo-cycloalkyl and
Ci-¢-alkyl, wherein each aryl moiety is optionally substituted with one or more substituents
selected from the group consisting of halogen atoms, nitro, amino, Cy¢-alkyl, C;-alkoxy
and di-C;_¢-alkylamino groups,

or

R? is Cs.jg-cycloalkyl or Cy.¢-alkyl, and R? is aryl optionally substituted with one or more

substituents selected from the group consisting of halogen atoms, nitro, amino, C;.¢-alkyl,



10

15

20

25

30

188, WO 00/29370 and Mashima, K. J. Og. Chem 1994,
59, 3064-3076. In a preferred enbodi nent the hydrogen

w@e@ssor7a0 duri ng hydrogenating is in the rangePOf/ER2005006064

60 bar, particularly preferrediyn the range of 2 to 35
bar. In a further preferred enbodi nent hydrogenating

i.s cagrried at .a,tenper re in the range of Qo
fgé'a@?oﬁynang%g{rcéfﬁéap?yéﬁnglﬁ%@’lﬁpﬁb nt, the compounds
GateacCNgaldil, tﬁ.@ﬁ&ycwhﬁcyl,rsﬁé-ﬂk@t}eﬂudm@mﬂﬂ&laﬁﬁﬁé@ﬂﬁp in R? and
are selected fromthe group consisting of conpounds

do rapdiontlpbanpyubstiufed witlh prropynorgrhelggen atoisec hi r al

al kene group or a prochiral imne group. In a

particul ar preferred enbodi nent, the conpound

CORtiAVentiog padvidedasinponeiswifaiilat ed prochiral

carbonyl, alkene or imne group is selected fromthe

group consi sting of 1 and b-ketoesters, a- and

b- ket oam nes, a- and \ketoalcohols, acrylic acid
derivatives, acylated ePanm nes or N-substituted im nes

of aromatic ketones and al dehydes. Preferably the

ied out with a

vent |ike C*-al c¥lols,

wat er, di met hyl sulNEg , di nmet hyl f or mam de

(DMF), acetonitrile (2 CN),/ ethers or m xtures

thereof. Preferabl y\R'p® @ ar sol vent contains

t hanql,,. ethapo] or isopr al cohol .or. a mxture
OB ipEy ALk ey o5y BPARY Lopaly sysliefedpitaghe or more
GagRh Atdnty; hfer additives. The present invention is

ilzl ustrated by the follow ng non-limting exanples. ]
Bldspélested famrthe group condstitiginfand; s ioexyeloahybargl Cid-3lkyl, wherein

Di i.sopropyl am n 14 410 ..k 1.0 nol nd

o G0 PR B ohelgsupsionfeagighShe or Mo iRk sglocted from the
isMgs ¥t il dtenS nSed, whiifs) @ f-dlkAUC Yl-hlikdy a1 di-C¢-alkyl-

ﬁg ol )S iéﬁ tet?%&ydr of ur an (é. dGLl)6 an)g hbé{(ane?téo. 64 16? 4

lamine gropps,@nd Apete€r-@alliyla Csareyclalleyl sGi-atlkery ard diddisrpdkylamino

group in R* optionally being substituted with one or more halogen atoms.

catal yst solution

Provided is the use of compounds of formula
1

N

O
Q O I,
2 3
®R),P PR,
wherein R} is C;-alkyl or C3.10-cycloalkyl optionally substituted with one or more
halogen atoms, and
R? and R are equal and are selected from the group consisting of aryl, Cs.jp-cycloalkyl and
Ci.¢-alkyl, wherein each aryl moiety is optionally substituted with one or more substituents
selected from the group consisting of halogen atoms, nitro, amino, C;.s-alkyl, Cy¢-alkoxy
and di-Cj.¢-alkylamino groups,

or
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(0.26 kg, 1.0 nol) in tetrahydrofuran (0.5 L) was
added. The sol vents were evaporated and the residue

waele@sobared in diethyl ether (1.0 L). After wasPCTIBP20$/006064

a 10% aqueous solution of sodiumthiosulfate (2x0. 1
L) t he organi c Iayer was dried over sodiumsulfate

o RGP P B g T 3P ppt Bl sphsipugadith one or more
Csnb@tith&ﬁ§ sﬂé@é&ﬁ&h&m@bﬁp gbﬁsas;ﬁ%gmf hgloggn 89nisOnik@0arkino, C,¢-alkyl,
H§1 6-¢lk@?w amd dlﬁlzs-aéky;ﬂam?wo growps, a@%h}cms-a@lgsé,lcﬁmjcycloalkyl

S SO ol Rt v

cﬂﬁo@ntntéhhllogérhatums,( 14 mmol) in hexanes (5.6 nmL) was
added to a solution of 1,3-dibrono- 2-iodobenzene (4
dor the mrersration el gpialyigiaciyseamplexes®f trpansifipn metals @referably of

ey g%éir ?‘F Irf){\@(ﬁ‘l%:dlrgﬁcﬁggl sgud?ca{;ﬁc acﬁ? Qo%plg)éeé, 05 tranmgor% ﬁletals can be

rsad fordiydragenating, paeserablly amﬂmbtmcally hydro@2énaCing\dfa oambaund
h peri.od. Cold water vva ed to the reaction mx

£oatainiag gk aﬁ%ioee P&%}ra §r0§ Sk SyFlST. Pﬁ@a@qﬁ%a@dwagbtmned by

\(l:%ﬁlbﬂ% or gani gh Fb;?fé{ig{gv\ag? ?@Fl?tg&ﬁ @]]19'1 ré)&?ﬂ# suls'f at e

bef ore be| ng evapor at ed.

2' t t ab h i tat
gl Eramne: of Sorat anhlicdhfs OGRS PR U Bpasaihs of Bgsts and
Thagy g&luﬁ&ns(a% glfgloséiﬁrf‘)Aéh%oPtHr'? ena%%fg fpr Jf @ﬁénh Q)987 40, 183-

reaction, m p. to H
483, B0 ()@/2937():21131 MashimasKHj. Org, Cierp11994, 59 806443@76 2

H . Exanple 3:
2,6,6" -Tri brono-2' - net hoxy-1,1"-bi phenyl (IVa;, Rl =

Nh)a préfefred embbdigitndthe hydrogén ﬁreszilﬂé deRhORRIrbgdmahPREA e range of

,. 0.10 m)I% in_tetrahydrofuran
1 to bar, particularly preferred in the range of 2 to 35 bar.
In a further preferred embodiment hydrogenating is carried out at a temperature in the

range of 0 to 150 °C.

In a preferred embodiment, the compounds containing at least one unsaturated prochiral
system are selected from the group consisting of compounds containing a prochiral

carbonyl group, a prochiral alkene group or a prochiral imine group.

In a particular preferred embodiment, the compound containing at least one unsaturated
prochiral carbonyl, alkene or imine group is selected from the group consisting of a- and
B-ketoesters, a- and B-ketoamines, a- and B-ketoalcohols, acrylic acid derivatives, acylated
enamines or N-substituted imines of aromatic ketones and aldehydes.

Preferably the hydrogenation reactions are carried out with a catalyst solution in a polar
solvent like C;4-alcohols, water, dimethyl sulfoxide (DMSO), dimethylformamide (DMF),
acetonitrile (MeCN), ethers or mixtures thereof. Preferably the polar solvent contains
methanol, ethanol or isopropyl alcohol or a mixture thereof. Particularly preferred, the

solution may contain further additives.
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(0.50 L) n-Butyllithium (0.10 nol) in hexanes (63 nL)
was added at -75 C. The m xture was consecutively

W e@avexi3mi t h f 1 uor odi met hoxybor ane di et hyl et PEF/EP2005/006064

adduct (19 nm_, 16 g,0.10 nmol), 1& 3.0 M aqueous
sol ution of sodi um hydroxide (36 nL) and 30% aqueous

HhorRE hiseht o e trEtey ietoBopize Mn TRfipg A< Gnpjes,
hydrochloric acid (0.10 L) and extracted w th diethyl

et her (3x0.10 L). The conbi ned organic | ayers were
Wxghpdeswi t h a 10% aqueous sol ution of sodiumsulfite

.10 L), dri.ed over. sodi u ate and evapor at ed.

ample ér %g'é.j‘gﬁ%“‘\ﬂ%‘“ PE%‘&%]‘\}E@I% di met hyl sul f oxi de
[is8Propylakie(0el 4 DARIELHAMEmON-add Mi3-dibrorGobddzdiz (ONR)L, 0.24 kg,
and pot assi um hydr oxi de powder (

( (6.7 9, 0.12 nol) were
dg)&mh oeerg eenpegiiysly, added gxa &ol#}owftreguty@tt@enwl -Cz/eagl) in tetrahydro-
i t h-gi . ..
R 19 B RETke 19 9YERIEES il e G e

s0ib6 &b el . ant] pvapedsdadura(§.519 Wadsaddéd The solvests harodvaporated and
20. 10 L) afforded 35 g (820/% product as colorless )
hagesidugdissolyglanidicth getiae(1.9 ) Mviter weshing Wit @ 10f4,3queeps solution

E)f goaﬁérﬁgtgibilﬁ%%e &é(%glgz)(, g‘% &%an:lg 5’%“%5 %‘ie}iove{ sﬁlﬂm%h]}‘a}é before
being2viPorated 8 @BNR. UH3H ciI2thllizedCitbmtetithno¥Q1.CLPT.38%g (91%)

H 2.16; found C 37.10, H 2.03. Exanple 4:
coRrlevanlatelsts were oBigdhy | phosphi nyl ) - 2' - met hoxy-1,1"' -b

[ a~.RlL = M and R2 = R3 = phenyl) At -75 0C,
I{}Fgﬁgtyy Illbtghpﬂm (0.10 nol) in hexanes (57 nL) was added
tH-NMRO{CHCR 400 MER 0158 (U \B=8A1Hg,2 BY) 70™M(t)J + 8.1 Hz, 2 H).
tetrahydrofuran (0.25 L). The reaction m xture was
QsHaneﬁ(?\ﬁil 13Q):ecaleudnted Sol Gl PG, 1310-84; found C 19.97, H 0.80.

chl or odi phenyl phosphine (18 nm., 22 g, 0.10 nol) in
tetrahydro furan (50 nL). The m xture was allowed to
Raaiple?: £2566°-Teaabeomei 1t 1-liphaiyd(Hed aqueous

sol uti on of _ammoni um chloride (0,20 1). The reaction .
Aitxt75 6 bsdlithigm 414 syngl) indrexanes (5.6 mL) was added to a solution of 1,3-di-

bromo-2-iodobenzene (4.3 g, 12 mmol) in diethyl ether (0.18 L). After the solution was
stirred for 2 h at —75 °C, copper(I)chloride (9.7 g, 72 mmol) was added, and the reaction
mixture was allowed to attain 25 °C over a 12 h period. Cold water was added to the
reaction mixture and the organic layer was separated. The aqueous phase was extracted
with ethyl acetate (2x0.10 L). The combined organic layers were dried over sodium sulfate
before being evaporated. 2,2°,6,6’-tetrabromo-1,1°-biphenyl precipitates upon treatment of
the residue with hexanes cooled to —20 °C. The product (9.0 g, 33%) is pure enough for
further reaction;

m.p. 214 to 215 °C;

H NMR (CDCl;, 400 MHz): 6 = 7.67 (d, J= 8.3 Hz, 4 H), 7.17 (1, /= 8.0 Hz, 2 H).

Example 3: 2,6,6’-Tribromo-2’-methoxy-1,1’-biphenyl (IVa; R! = Me)
To a solution of 2,2',6,6'-tetrabromo-1,1'-biphenyl (47 g, 0.10 mol) in tetrahydrofuran
(0.50 L) n-Butyllithium (0.10 mol) in hexanes (63 mL) was added at —75 °C. The mixture

was consecutively treated with fluorodimethoxyborane diethyl ether adduct (19 mL, 16 g,
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ethyl acetate (3x0.10 L), and the conbi ned organic
| ayers were dried over sodiumsulfate. Evaporation of

wao b@emad7sent s and crystallization from ethyl aPEr/BEPI05/006064

(0.10 L) afforded 23 g (719 colyorless needles; mp.
224 to 226 C (deconposition); 1H- NVR (CDO 3, 400 MHz):

7O 60 mflls)sa é&q\/lzﬁqpﬁzous-ﬁogm()ﬁ,]of i%dlgﬁn h';%lfoiuch,'éG%nd% angi63 09/9aqueous
(lg@% ged peFodee @0 L, b.8 gel Hr.10 ilnoll‘j) Th@rq%ct%&ﬁlrg%cl\l% vzlﬁ Iﬁﬁtrahzed at 25 °C
mgh RAGAY hydroshlom avid(@, 103L):an243x6*a¢@cj with gty ether (3 1010 L). The

SR oG 49 LA Faum s
(2ﬁO 1@'12161(1@3 dhe Wdlﬁﬁ%ﬁgswwﬂ)eﬁgpﬁ?@ | OPh dng resi@idPRBNiksolved in

= = phen
rdimethyl wlfomldg{p@cmrhw&rp lcpdem?élm €85 (nsle 1.8, OviRsmal) @adipotassium

t n Va

alf 8 G EPTLIRNET ehilla IE t Pp 0501
wags dideld and bk lpeyR@t Wils &sﬁf'&fed(vﬁﬁl dikthybéeter (360 QDEI?:)TTI‘Ee organic layers
| ayer was separated. The aqueous 8hase was extract

vW@rﬁ deed Y& sedisrhsm tatq andayapempted ndrystallizebam fqréuethanol (0.10L)
R34 %‘gs‘ég@ eﬁé\@&%t dg {;&ﬂp&’s\é%ﬁbéso‘j' um sul fate before

bei ng eva Izat1roh from di chl or onet hane

(h9. 089 toalfdbcPed 7.9 g (57% coI orI ess prisms; m p.

§27 to 228 C gdeconposntl onz §CDC13 40 I\/Hz]:
H-NMR (B33 00 pH2); & 5 761t (d, J—*? %Hs Mg/ -Bikm, 2 Hpy 7.11 (1, J=8.1

2 , 7 dd, J 7.6, 4.2
@Qq I{Iﬁl)%'%éd%;“ %2H§IZ le)izg’l?})7 (S%§%6(66 (dd, J = 7.9
HE1sHBrlo (420192): QAIQPatéds(%BC HY:093H L NGRHATDEY 3 0, HE203,

Miz): d = -13.1 (d, J = 17.8 Hz), -13.6 (d, J = 17.8
Hz); C37H300P2 (552.59): calculated (% C 80.42, H

X fainplk 24 8B ronttR2 $2bidtipherylphosphinyl)-2’-methoxy-1,1’-biphenyl (Va;
Rl=Meand R* =R*= phenyl)

At -75 °C, n-butyllithium (0.10 mol) in hexanes (57 mL) was added to a solution of com-
pound IVa (21 g, 50 mmol) in tetrahydrofuran (0.25 L). The reaction mixture was treated
with a 2.0 M solution of chlorodiphenylphosphine (18 mL, 22 g, 0.10 mol) in tetrahydro-
furan (50 mL). The mixture was allowed to reach 25 °C and treated with a saturated
aqueous solution of ammonium chloride (0.20 L). The reaction mixture was extracted with
ethyl acetate (3x0.10 L), and the combined organic layers were dried over sodium sulfate.
Evaporation of the solvents and crystallization from ethyl acetate (0.10 L) afforded 23 g
(71%) colorless needles;

m.p. 224 to 226 °C (decomposition); .

'H-NMR (CDCl3, 400 MHz): § = 7.56 (dd, J=8.0, 1.3 Hz, 1 H), 7.38 (dt, J= 7.0, 1.6 Hz,
2 H), 7.3 (m, 12 H), 7.1 (m, 6 H), 6.99 (ddd, J=17.7,2.9, 1.3 Hz, 1 H), 6.8 (m, 3 H),

6.63 (d, /=8.6 Hz, 1 H), 3.01 (s, 3 H);

3Ip.NMR (CDCl3, 162 MHz): § =-10.1 (d, J = 24.6 Hz), —13.9 (d, J = 24.9 Hz);
C37H29BrOP; (631.49): calculated (%) C 70.37, H 4.63; found C 69.13, H 4.60.
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Exanpl e 6: 2',6-Di brono- 2- net hoxy-1,1"-bi phenyl (Vi a;
RL = M) At -75 C, n-butyllithium (25 mmol) in hexanes

W@ 1®6m)73mas added to a solution of com pound PCEEP2003/006064

g, 25 nmol) in tetrahydrofuran;0.20 L). Imediately
after the addition was conpl et ed met hanol (2.0 nl)

sadd ter. addition of 0.10,L). the 1_
Sl Sp B/ ipheaybharhinua eebs domivheiy (18 = Me and
eR@t:ER@Lqul Wyl‘)h ethyl acetate (3x30 nlL). The conbi ned
organi c |layefs were dried over sodiumsulfate before
i 0, evtapyhitiied (S0Nmnzol) trlyexamds| (B¢ atli)ovesfadded ttasohation of com-

OBH‘S%BKZ% 2% ’ﬁ%’?ﬁd%‘ﬂi“e‘?e Ol; Toh After 40880 818 %] Graethapol (2 mL) was
(&QH&T foﬁ@ﬁle& Hg QAater @meg 3nd @he%gﬁuc ﬂa'?'e% 4e e'a. Tﬂ@ ueous phase

MS e_?.tr&{)t@d witB d(qhior an@ (29<25 (nmL) ahd:th@gqmpmgd Qrgapu,c layers were

Bt o\ sodinp it SR R RS A B o B ol ickoromethane

%506@@&6%@?7@ gtsemjaﬂ&ma Athy;- 2- met hoxy-1, ' - bi phen
= = cycl ohexyl) At -75 C
rmDLﬁ%ilthﬂ&FGr(dQ@nmSmn), in hexanes (63 nL) was added

el 4 VERIEE R gt itk s B S 4 . 706 @

conpl ey €8, 2 m(dduew\amﬁmalﬁj Mttua——?sQerﬂ),“G(de—
sol ution of chi'or odi cycl ohexyl phosphi ne(22 ni, 24 ¢
0.98z%1,)1 Hh 322 Eahildr of aran (50 nml). The mixture vvas

2BV (Bl FERVBPI B 5P Rch o7 1A 51 58 Wy $g Ho

'@ﬁ‘ﬂl}db?z 039, 50X aralAd Whf & s6U4byH BLRY& IR ¢ 8939, His)52.

and the” conbi ned organic [ayers weré dried over sodium
sul fate. The di phosphl ne 43 g (74% was obtained after

TR AR NI R [ N
AtCgsconpestyllithittn (25 mmol) in hexanes (13 mL) was added to a solution of com-
pound IVa (11 g, 25 mmol) in tetrahydrofuran (0.20 L). Immediately after the addition was
completed, methanol (2.0 mL) was added. After addition of water (0.10 L) the organic
phase was separated and the aqueous layer was extracted with ethyl acetate (3x30 mL).
The combined organic layers were dried over sodium sulfate before being evaporated.
After crystallization from ethanol (25 mL) 7.9 g (92%) 2’,6-dibromo-2-methoxy-1,1’-bi-
phenyl was obtained as colorless cubes;

m.p. 93 to 95 °C;

"H-NMR (CDCl;, 400 MHz): 6 =7.67 (d, J=8.0 Hz, 1 H), 7.38 (t,J= 7.5 Hz, 1 H),

7.3 (m, 4 H), 6.92 (d, /= 8.1 Hz, 1 H), 3.73 (s, 3 H);

Ci3H;oBr20 (342.03): calculated (%) C 45.32, H 2.95; found C 45.32, H 2.85.

Example 7: 2°,6-Bis(dicyclohexylphosphinyl)-2-methoxy-1,1’-biphenyl (Ib; R! = Me,
R’=R’= cyclohexyl)

At 75 °C, n-butyllithium (0.10 mol) in hexanes (63 mL) was added to a solution of com-
pound VIla (17 g, 50 mmol) in tetrahydrofuran (0.25 L). After the addition was completed,
the mixture was treated with a 2.0 M solution of chlorodicyclohexylphosphine
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.56 (msym, 1 H), 7.4

1IHNWR (CDO 3, 400 MHz): d =7
5 Hz, 1 H), 708(msym, 1

(m 3 H, 7.16 (d, J = 7.

wo2006008% (d, J = 7.8 Hz, 1 H), 3.66 (s, 3 H),PAIT/EP{0n3/006064

24 H, 1.2 (m 20 H; 3 1P-NVR{¢CDCI 3, 162 MHz): d =

-9.9 (d, J = 12.1 Hz), - 11.5 (d, J = 12.2 Hz);

g@é E}gﬁgﬁ% Q)il Gm%]?ém T&%}%ﬁéﬁtﬁaﬁgﬁg%mq[ﬁg mqgtureHwas aﬁlowed to reach
(35 ~BaiRededWith @Mtutatdd a 'e@ﬁbesﬁ)l‘&tro% def'a)rﬁ'ﬁcﬁﬂ&h ‘%Hﬁ)ﬂdle ROI20 L). The
sphine (Vila; Rl Me and = cycl ohexyl) A

rmix{rg Mastentraoied with @thyb pgetate (Er?@k)anb)s and Qlerm)nbnml cgatselayers were

SRRt 87 BB P EISRRR Bl et Pl e evaporation of

Qﬁﬁ'@él&é@:@' and &lﬁstﬁlli)zéthﬁrﬁfo‘fﬁinéthzﬁﬁﬂ eF1oMy Bs @1&1& Mibes;
solution of chlorodicycl ohexyl phosphine (22 niL, 24 g,

PO 2219 231n°Q @eeanpasitisidr an (0. 10 L). The mixture was

B BN SR o] 50y -7 e

Nt i, U168 M@%ﬁxq 'FBCE Y (8\4197%@%1 afetat§, 4 B%0.218n 194 H), 1.2 (m,
and the co ned ‘organic | ayers were dried over sodi um
A0 KMt e. Evaporation of the solvents and

ok PR, SBao e S st bl 3L Beboy s @ bR o
r&gﬂ%@ﬁzz éme’ 79)19a@c111£%e&@%) @771d?l N\&f GBPe ﬁqG/ WM d
,733(tJ=73Hz ,721’(dtJ'79 15

i‘z%anzplg:? ({ ]%BOI&%gﬁetngy-%%blpﬁ errﬁ]l)tiizjc%(ilexxlp%%mme (VIIa;

h@‘éﬂ\leé’ndﬁzu c(oﬁ&}‘lﬁ, 162 MHz): d -13.8 (s);
C25H32Br OP calcd. (%9 C 65.36, H 7.02; found
A S5L, nib lbthlurg(@ﬂr@ molpin hexanes (63 mL) was added to a solution of com-

3)0@13 XAk ?ﬁfséqd ﬁﬂggﬁ hr?{éyahgdrogﬁgrp &ﬂ?’d B)h %%’l%p ﬁleyaddl%lorﬁevgahs completed,
the mixture was treated with a 2.0 M solution of chlorodicyclohexylphosphine (22 mL,
24 g, 0.10 mol) in tetrahydrofuran (0.10 L). The mixture was allowed to reach 25 °C and

treated with a saturated aqueous solution of ammonium chloride (0.20 L). The mixture was
extracted with ethyl acetate (3x0.10 L), and the combined organic layers were dried over
sodium sulfate. Evaporation of the solvents and crystallization form a 9 : 1 mixture (v/v)
hexanes / ethyl acetate (50 mL) afforded 36 g (79%) colorless needles;

m.p. 100 to 102 °C;

'H NMR (CDCls, 400 MHz): 8 = 7.61 (d, J= 7.8 Hz, 1 H), 7.38 (t, /= 7.9 Hz, 1 H),

733 (t,J=73Hz, 1 H),7.21 (dt,J=17.9, 1.5 Hz, 2 H), 7.14 (dd, J= 7.6, 1.8 Hz, 1 H),
6.96 (d,/=8.2Hz, 1 H),3.72 (s, 3 H), 1.7 (m, 12 H), 1.2 (m, 10 H);

3IP.NMR (CDCls, 162 MHz): § =—13.8 (s);

C,5H3,BrOP (459.41): caled. (%) C 65.36, H 7.02; found C 65.52, H 7.07.

Example 9: 6-Dicyclohexylphosphanyl-2’-diphenylphosphanyl-2-methoxy-
1,1’-biphenyl (Ic; R'= Me, R?= cyclohexyl and R’ = phenyl)
At 0 °C, n-butyllithium (25 mmol) in hexanes (30 mL) was added to a solution of

compound VIIa (11 g, 25 mmol) in toluene (0.1 L). After 45 min the mixture was cooled to
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' -bi phenyl (lc; RL = Me, R2 = cycl ohexyl and R3 =
phenyl) At 0 C, "-butyllithium (25 mml) in hexanes

W@ 3@smy73mas added to a sol ution of conpound WEHEP2003/006064

g, 25 mmol) in toluene (0.1 L). OAfter 45 mn the
mxture was cool ed to-75 C and 1.0 Msol ution of

PO BAROGERT éﬂ@@ér%d%bgkwﬁ?wﬂi (B3 T b g moD in

roRehe €5 fal) fraf 8dUIATREMBAHRONS HRWeH kORaeh 2 8FEDR ISR ated aqueous
chloride (50 nL) was added and the organic layer was

swpEiontas dtmnmmutaqahbmqls (Phod @ weaedéed anddhe drganichayet fmak separated

o ol PR i R e B ARl B g2 g Rl Biteombined organic

Qayest dlekd dr@édl SRr bddm ¥Bifhe Beford ﬁélngﬂés)a&?ﬁf@d -Cr?stahéa?tﬁ)@from
of di pho@%gl ne as col orl ess cubes; to 171 0C

el ( L3 gavi00 91§29 %) @f ehphosph@rm as]g@lolfbess G1bEg ( d J

%}’?7(%17}113% (3 23 (s, 3 H: 3 1P-NVR (CDO 3, 162

J 10.7 Hz), -14.0 (d, J = 10.8 Hz);

6 L 8y L 7
AT aeBi 0 ol s G2/ ot 0, 9

( mwau(epﬂlgnézwn)oﬁmmnya (d2J=dIQJﬁHrzy I—nhm)s(ﬂhiﬁyb 8 Hz),
Tt Gaa)t sebulaed abie 7 B B SGHomed £ TRadstl 143,

separated into its enantioners by preparative
chromat ography using a chiral stationary phase. The

dbtmpie UbetH)wesd Gﬂ@d&@ﬂbhe))ylpﬁbsﬁﬁanyhl'tdiphm}/tbj)li(sphmyl-
§ ﬂszlﬁE rﬁlc/, B CMe,ZﬂQ— cyclo ex an(?iQRJTg p[neny )m ¢

("l"b)e‘rﬁcdi}xhl@ )dﬁih@b{ﬂﬁl‘{é m%ﬁﬂ)ﬂed 4nto ‘ilis RASMHONRIOBP PRPYatide Bhromato-
et hoxy- | - bi phenyl and

(eraphg- WII@W:‘F s(tytlmaoxsphase The column used was CHIRALCEL® OD 20 pm,

B BOPUE pEE RS PR DL (o e soDimpasernte matrial 142 mg of
%Hmmx%%ldmy%%&fh&m@wi %a;snétﬂﬁplgs}éﬁ{zl-@gth%gg'tl %’tlt’ 'bg%hen?/l and
t1@8 nig of G—g—@rdgpyql@eamphosphanyl 2’-d1pheny1%hosphanyl-2-methoxy-1 1’-biphenyl

were isolated. The enantiomeric purity of both compound was 100% (measured by HPLC

on an analytic CHIRALCEL® OD 10 pm column), the optical rotation of the (—)-isomer is
ap”* (¢ = 0.5 in CH,Cl) = ~1.4.

Example 11: (-)- and (+)-2’,6-bisdicyclohexylphosphinyl-2-methoxy-1,1’-biphenyl (Ib;
R'=Me, R2=R?= cyclohexyl)

The separation was performed as described in example 10. The enantiomeric purity was
99.2% for the (-)-isomer and 96.9% for the (+)-isomer (measured by HPLC on an analytic
CHIRALCEL® OD 10 pm column), the optical fotation of the (+)-isomer is ap** (¢ = 0.5
in CH,CL) = 16.4.

Example 12: (-)- and (+)-2’,6-bisdiphenylphesphinyl-2-methoxy-1,1’-biphenyl (Ia; R!
= Me, R? = R® = phenyl)
The separation was performed as described in example 10. The optical rotation of the

(+H)-isomer is ap™® (¢ = 0.5 in CHCl3) = 6.0.



10

15

20

25

30

24 (¢ = 0.5inCHRA2) = - 1.4. Exanple 11: (-)- and
(+)-2", 6-bi sdi cycl ohexyl phosphi nyl - 2- net hoxy-1|, 1" -bi ph

we@pook/002780 R1 = Me, R2 = R3 = cycl ohexyl) The PCT/EP2005/006064

separation was perforned as de ;rlbed in exanpl e 10.
The enantionmeric purity was 9972% for the (-)-isoner
and 96.9% for the (+)-isonmer (nmeasured by HPLC on an

dixample 43 4DRAMPR-hyYrospbatyrate col urm), the opti cal
rII? tilggg?lﬁEglﬁto&lF\? ﬁr@er %r%%ﬂ%{m%s%hgre%dlg (53 Qrgs 0086 %&P} %)—)-ligand Ia
((1"4 3 Zhg, 6- 0;263(1‘!11119]) any leﬂi?bﬁct@tbanytbtezemét@ 6x0yninol)'is Gispdiestyin degassed

The separati on was

ook 8 @l AfeS BRpHaEhe RUIORIATR Ut Rsso R g gl i carried out
ol 6Bk 307 i b9 b4rHRTech Brairedakir Boftagtd Bofd fipiirature the

rkactivh selutveisudictetly anapaeddtyr®sS ;ﬁdsmroav&sﬁhiﬂcc(lﬁmﬁ HB;101 25m/
0. 02

and 0..026 I d .
&%W)@eét%éﬁééﬁtawéwg@owg tn@ %23? fioil ankyydedsy %f@gtqwﬁeﬂc excess
&n@&ﬁﬁﬁ?ﬁg‘éaﬁég% th 39 281okm) Abdrtrsldn'ys D19, i 99109y e

th argon rogenatlon s carried out durlng at
50C and at 4 bar hydrogen pressure. After cooling to

room t e t | ut di tl
oD L S IS gHRBPE RS col um HP- 101 95 1/
9n 2 m%m andcladd h&derqﬁgdn\@hbﬂ%feqm@m Shs tig, Dloag mﬁ@st Ehgand Ib

aci d anhydride, enantioneric excess (colum: Lipodéx-
#4.3rmg, 000075nmej).anGethyd pestenceiats (99,5790l dt mmel)de dissolved in degassed

tiangh GanEl A fesning il st B By iefon At out during
G5Q044 5070 lahd af 4 bard Hydeoen lplibsﬁlﬂfe 3Aﬂ& coBliRP10 150RI tempBfture the

ethyl acetoacetate (0.15 % 1 mol) is dissolved in
deaghign selution is directly analyzed by GC for conversion (column: HP-101 25 m /
0.2 mm) and, after derivatization with trifluoroacetic acid anhydride, enantiomeric excess

(column: Lipodex-E 25 m / 0.25 mm). Conversion is 98.3% at an ee of 86.7%.
p

Example 15: (R)-Ethyl 4-chloro-3-hydroxybutyrate

In a 150 mL autoclave in an argon atmosphere bis(1-isopropyl-4-methylbenzene)dichloro-
ruthenium (7.6 mg, 0.012 mmol), (+)-ligand Ia (14.0 mg, 0.025 mmol) and ethyl 4-chloro-
3-oxobutyrate 98.4% (0.83 g, 5.0 mmol) is dissolved in degassed ethanol (30 mL). After
flushing the autoclave with argon hydrogenation is carried out during 4 h at 80 °C and at

4 bar hydrogen pressure. After cooling to room temperature the reaction solution is directly
analyzed by GC for conversion (column: HP-101 25 m / 0.2 mm) and ee (column:

Lipodex-E 25 m / 0.25 mm). Conversion is 99.9% at an ee of 88%.

Example 16: (S)-Ethyl 4-chloro-3-hydroxybutyrate

In a 150 mL autoclave under argon atmosphere bis(1-isopropyl-4-methylbenzene)dichloro-
ruthenium (7.5 mg, 0.012 mmol), (+)-ligand Ic (14.4 mg, 0.025 mmol) and ethyl 4-chloro-
3-oxobutyrate (0.83 g, 5.0 mmol) is dissolved in degassed ethanol (30 mL). After flushing
the autoclave with argon hydrogenation is carried out during 3 h at 80 °C and at 4 bar

hydrogen pressure. After cooling to room temperature the reaction solution is directly
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et hanol (7 mL). After flushing the autoclave with
argon hydrogenation is carried out during 15 h at 50C

w@reh602780 bar hydrogen pressure. After cool i ngPCDEPHOF006064

tenperature the reaction sol ut "L;'gn is directly analyzed
by GC for conversion (colum: -101 25 m/ 0.2 nm
and, after derivatization with trlfluoroacetic aci d

andlyzRa kieGCdhnernveimion (Eolamume SIP- Tl M0 ?anc?éué g (gudump:

,l:xé_i()d%? E‘%m %&E@hgpnve%lﬁ?or o&)%t ﬁtaaglre%g)ybu yr at7 (()a/o In a

150 rrL autocl ave in an argon atnosphere bis(l-isopro
| - 4- met hyl benzene) di chl or orut henium (7.6 ng, 0.012
ple 175 NiA¢shrlcP-p Le’{ﬂﬁat'}“’fﬁg 0.025 nmmol ) and et hyI

L R IV

g)tm)Satﬂnol)l evdigand ha (zér(gmg, 019 tir nmmi)aancbnvr acstykaannoo&nhauub acid (0.53 g,
uring.4 h at 80 C and
33w isiglvedin e SR LS Lh dtie e R e iutoctave with

t 7
AV e A e —
|Afpsr dealirg BFoom/terBp&5tunathe r@&tlme saluiton iseveRorssl and the residue
ee of

@n@wﬂ% R AP iutineebiom Bhschoft Kromatblgue® Hfgaputiomeri

Qé(%F (RS Wl@odex Beta-PM). Conversion is 100% at an ee of 43%.
S I sopropyl - 4- met hyl bénzene) di chl or or ut heni um (7.5

mg, O. ng nmol ), (+)-I|gand lc (14.4 ng, 0.025 mol)
et ro-,3-gxobutyrate (0.83 g, 5.0 mol
aﬁ@%i#v&dg?eﬁﬁﬁféggg@gﬁp anol (30 rrL)g After :
fIh 498D alifd6lade irPal @g@n Wnidéglﬁ’érg emcﬁmdmgrﬁaabt-ﬁnhmum (2 6 mg,
carried out durln%b@ at 80 0C and at 4 bar_ hydroge
j

&wsumel), epligand Bol3i higer 600 mmalbask?-GY weeylapiino)- “clnnamic acid

3@ ﬁg %éﬁl%?gt 8gs‘héﬁfﬁh f%%sg%ﬂ%n?!%ﬁ@?ﬂ)gﬁ}gep flushing the autoclave

(wieHl 4HEBR hidrogeeKofisariedowd Quiing 15 Gantereiaad ai 50 8B40 drogen
at an ee of 80% Exanple 17: iV-Acetyl-D-phenyl al ani ne
IessUrEEARET ea@lias tarron an?fa&lﬂrﬁéh? RActEselition 18 evaporated and the

%ssl(ﬁlp eﬂﬁiﬁggg gﬂf BIPL @Y fof U&ﬁ%@lmc()l?mﬁl "Blschoff Kromasil 100 C8) and

enantiomeric excess (column: Nucleodex Beta-PM). Conversion is 34% at an ee of 66%.

Example 19: (S)-2-Acetylamino-3-phenyl-propionic acid methyl ester

In a 15 mL autoclave in an argon atmosphere bis(1,5-cyclooctadiene)-rhodium(I) tetra-
fluoroborate (1.9 mg, 0.005 mmol), (+)-ligand Ic (2.8 mg, 0.005 mmol) and methyl 2-(N-
acetylamino)-cinnamate (0.10 g, 0.5 mmol) is dissolved in degassed methanol (6 mL).
After flushing the autoclave with argon hydrogenation is carried out during 15 h at 25 °C
and at 2 bar hydrogen pressure. After cooling to room temperature the reaction solution is
evaporated and the residue analysed by HPLC for conversion (column: Bischoff Kromasil
100 C8) and by GC for enantiomeric excess (column: Lipodex-E 25 m / 0.25 mm).

Conversion is 100% at an ee of 93.8%.

Example 20: (R)-N-Benzyl-1-phenylethylamine

In a 15 mL autoclave in an argon atmosphere bis(1,5-cyclooctadiene)-di(iridium(I)di
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0.005 mmol), (+)-ligand la (6.0 ng, 0.01 1 nmmol) and
N-acetyl am nocinnamc acid (0.53 g, 2.5 mmol) is

weaelk@sob7ed i n degassed nmet hanol (5 nl). After PCTEPINF006064

the autoclave with argon hydroggnation is carried out
during 16 h at 40 C and at 50 bar hydrogen pressure.
After. cooling to roomtenp ture_the reaction

d &

stlaitdeb RS 146 dvap - Gidarman Corigand 42 tile) mgad-)2&mmg)), benzylamine
B A SO BSOS 0499, o s
disswbred i I11® degasseﬂ@ﬁ@mmol €hmég and sti3ed foE)lhlapioeml‘@mperature. After

i V- Acet henyl al anine In a 15 nL autoclave in.an,
e strapharovish sean s er RS Farat g W(@ Bpat 30 °C and at

Ao bl g il

i(soldimnis HIPvEI 25rmd OFPansn dndehztrﬂm«rler(c&:xn&s)s (coMlmB:r Macherey-Nagel

flushin e Wth argo dr ogen

o ?Oélﬁg&?fa'%@réﬁg‘go? FFOHYerﬁlﬁn% {;q@ygx angfgy %[#th:j?ogen
pressure. After cooling to roomtenperature the

reaction solution is evaporated and the residue

divainyple @1b{S)-Bent.ylr1-pbenydethybmifieol um: Bi schof f

bl B B S R bE E155 5Bk T
Feﬁmewé«% {6 (75{)1g,2b mlﬁio@nqug%na he(3/Y niy OJQUOBirﬁoF}",CHeﬂzylamme

ester In autoclave in an arg

hyl
e(’o' ﬁtmg,lﬁaﬁ)ia? mmou m@i%bmb&@dp@nﬂeth}fh@am)mn)e (0.21 g, 1.0 mmol) is

fluorobor Q
(dgssg rerﬂ in 6 tf.zjno? gﬂ%ﬁ% Pﬁg Ftltﬁ%élg élf o?onl ﬂcr m)gpatdrg After
qld%ﬁﬁ@ﬂh@ax(t@cli& With Grgon mmO)genﬁloﬂll§ saitivé duﬂ durﬂlggas}s&t@o °C and at
nmet hanol (6 nmL). After flushing the autoclave wt

H0chss hhigregerypiesre A heseaction selytion is ditseily gnalvsed ba(tG(é gorgonversion
n QYL ras Sl e: 1

O o0 A 02 o 0L 8! Qa0 Nogol,

tNgcléRisk Beea- mamwwmwa&w 10096 vears¢eoof 1081 um:

Bi schof f Kronmasil 100 C8) and by GC for enantioneric

excess (colum: Lipodex-E 25 m/ 0.25 nm.

Example 22: (R)-Dimethyl methylsuccinate

Bis(1,5-cyclooctadiene)-rhodium(l) tetrafluoroborate (2.1 mg, 0.005 mmol) and ligand
(H)-Ic (3.1 mg, 0.005 mmol) are dissolved in 5 mL degassed methanol in a 15 mL auto-
clave under argon atmosphere. Dimethyl itaconate (97%, 0.15 g, 0.9 mmol) is added via
syringe. After flushing the autoclave with argon, hydrogenation is carried out during 15 h
at 23 °C and at 2 bar hydrogen pressure. The reaction solution is directly analysed by GC
for conversion (column: HP-101 25 m / 0.2 mm) and enantiomeric excess (column:

Macherey-Nagel, Nucleodex Beta-PM CC200/4). Conversion is 100% at an ee of 30%.

Example 23: (R)-Dimethyl methylsuccinate

Bis(1,5-cyclooctadiene)-rhodium(l) tetrafluoroborate (2.1 mg, 0.005 mmol) and (-)-ligand
Ib (3.2 mg, 0.006 mmol) are dissolved in 5 mL degassed methanol in a 15 mL autoclave
under argon atmosphere. Dimethyl itaconate (97%, 0.15 g, 0.9 mmol) is added via syringe.
After flushing the autoclave with argon, hydrogenation is carried out during 15 h at 23 °C

and at 2 bar hydrogen pressure. The reaction solution is directly analysed by GC for



Conversion is 100% at an ee of 93.8% Exanple 20: (R)-
-Benzyl -1 - phenyl ethylamne In a 15 nlL autoclave in an

w@e@enoasnospher e PCT/EP2005/006064
bIS(| 5-cycl ooct adi ene) -di (i ridjun(l)dichloride) 98%
(6 ng, 0.010 mmmol), (+)-||gand la ( 11.0 ng, 0.020

"GP S POUTGY HECHE) i 012 BimD g enantpmgsicycqss column: Macherey-
delNﬁﬁedcféx WPW@CW/@?%H&&OE‘Q 660Gt &4 bd 5@%"/{) or

I'h at” room tenperature er flushing the aut ave
W th argon hydrogenation is carried out during 17 h at
30 0C and at 50 bar hydrogen pressure. The reaction
solution is directly analysed by GC for conversion
(colum: HP-101 25 m/ 0.2 mm) and enanti oneric excess
(col um: Macherey- Nagel, Nucl eodex Beta-PM CC200/4).
Conversion is 100% at an ee of 29% Exanple 21: (
)-iV-Benzyl -1 - phenyl ethylam ne In a 15 nL autocl ave in
an argon atnosphere bi s(l

, 5-cycl ooctadi ene)-di (iridiun(l)dichloride) 98% (6.7
ng, 0.010 mmol), (+)-ligand Ic (5.7 ng, 0.010 mmol),
benzyl am ne (5.6 ng, 0.052 mmol) and

-benzyl -i V- (I - phenyl et hyl i dene)am ne (0.21 g, 1.0
mol ) is dissolved in degassed nethanol (5 nlL) and
stirred for Ih at roomtenperature. After flushing the
aut ocl ave with argon hydrogenation is carried out
during 15 h at 30 OC and at 50 bar hydrogen pressure.
The reaction solution is directly analysed by GC for
conversion (colum: HP-101 25 m/ 0.2 nm and

enanti oneric excess (colum: Macherey-Nagel, Nucl eodex
Bet a- PM CC200/ 4). Conversion is 100% at an ee of 10%
Exanpl e 22: (R)-Di nethyl nethyl succi nate

Bi s(|, 5-cycl ooct adi ene) -rhodi un(1) tetrafl uoroborate
(2.1 ng, 0.005 mml ) and ligand (+)-1c (3.1 ng, 0.005
mmol ) are dissolved in 5 nL degassed nethanol in a 15
nL auto cl ave under argon atnosphere. Di nethyl
itaconate (97% 0.15 g, 0.9 mmol) is added via
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syringe. After flushing the autoclave with argon,
hydrogenation is carried out during 15 h at 23 C and

W@e008/0iI80 hydr ogen pressure. The reacti on sol uPCDRP1085/006064

directly anal ysed by GC for comgersion (colum: HP-101

25 m/ 0.2 nm) and enantioneric excess (colum:

h@cherey Nagel , Nucl eodex Bet a- PM CC200/4). Conversion
BH% at an ee of 30% Exanmpl e 23: (i )-D nethyl

met hyl succi nate Bi s(!, 5-cycl ooct adi ene) -rhodi un( 1)

tetrafl uoroborate (2. 1 nmg, 0.005 mmol) and (-)-1ig

I (2 progess for bo@repspition af ésmg@,tamlbdsubﬁh@tqﬂbm@@aﬂmmne ligands

nmet h%ﬁgﬂe oﬁn 15 nmL aut ocl ave under argon at nosphere.

D net aconate (97% 0.15 g, 0.9 mmol ) is added

vi a syringe After flpishing the autoclave with argon,

hydr ogenation is carrléd out during 15 h at 23 C and

at 2 bar hydrogen pressQre. The reaction solution is

directly anal ysed by QC forcgconversion (colum: HP-1Q

25 m/ 0.2 nm and \{ i excess (col um:

Macher ey- Nagel, 3 PM CC200/ 4) . I,

Conversion is 60% at—a /4% Cl ains 1. A process

for the preparation gf'\a )i) ptrically substituted

bi aryl di phosphi ne I(Rgéﬁds &R khe fornula wherein RL is

d - -alkyl or C3-10-cycloal kyl optionally substituted

Wi t h wheeeinR' i€ gs-alilyDees. g petealk pruptibRaliynshbRBusedevith one or more

equal d are sg%qect ed fromthe group consisting of

aryl kyl and Cl-6-al kyl, wherein each

aryl H?%ew ahSedtil bR we&&bﬁ&nttﬁégl% upidofisigy &farﬁor e

substituents selected fromthe group consisti

h aI oglano-aycdmil,(ylmnﬂ 1 6-adleyil rvoher & -eﬁc}adirlybmpleay]@ optlonally substituted

C5 1(‘3V ﬁ’gfg{ gé:l’{i‘?r}‘nf?no%%&eﬂ%sselg ﬁ%nb&elgg?}% ?(z;iswgng of halogen atoms,

subs hithd) afifindlic,-68, Of ¢-4IREEy HARBIC L LARYIEmSR) B6hRd

fromthé group consisting of hal ogen atons, nitro,
am nor

R? is Cy-alkyl or Cs.jo-cycloalkyl, and R? is aryl optionally substituted with one or
more substituents selected from the group consisting of halogen atoms, nitro, amino,
Ci6-alkyl, C,.¢-alkoxy and di-C.¢-alkylamino groups, and

each Cy.¢-alkyl, Cy.¢-alkoxy, di-Cy.-alkylamino and Cs.jo-cycloalkyl group in R* and

R® optionally being substituted with one or more halogen atoms

comprising a first reaction sequence, wherein one bromine atom of
2,2’,6,6 -tetrabromobiphenyl
Br Br

S

Br Br
is exchanged with OR by bromine-metal exchange and subsequent metal-hydroxy

exchange, followed by an alkylation, to afford a compound of formula
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C -6-al kyl, Cl1-6-al koxy and di-C -6-al kyl am no groups,
and each Cl-6-al kyl, Cl-6-al koxy, di-Q -al kylam no

wW@ee6R730- cycl oal kyl group in R2 and R3 opti oPel/ER2005/006064

being substituted with one or ngre hal ogen atons
conprising a first reaction sequence, wherein one
brom ne atom of 2,2',6,6"-tetrabronobi phenyl is
exchanged with OR1l b&gbronine-netal exchange and
subsequent et al - hydroxXy exchange, fol |l owed by an

al kylation, to afford gO0cd&¥pound of fornul awherein Rl
is as defined above,afnd fuyther reaction sequenteés,

wherei n each react} 3 z onpri ses at | east one
brom ne-netal exchg e

quent
nmet al - substi tuent exeEhange the respective
substituent, thereby e a)}9i ng the respective brom ne-

atons with substituents selected fromthe group

consi_sti ngLof  hydr and di aryl phosphi no,
i - TR R s aderinds Al

di - Cand Gurthiee kedatify bdfuesdes, wkkreid cadiRafticiCRG8eritt c6MPites at least
1, wherein the first brom ne-netal exchange is carried
out e hrospiacaepiahexrkange end pulisequent metsl-gubstifueat exchange with the

te ”pﬁésﬁk&f\% sﬁﬁ%tﬁ%ﬂ‘éﬁt,gtgﬁrgp]% E%cﬁmlg%g k%e%%%é?!e gﬁgﬂﬁ‘@&grﬂs With

carried out w a

f ol | guisstitienty ehetdddrontlidgraupesmicying ofhwdiogen ahdtdisrylphosphino,
presence o al kal i d/or earth al kal i, hydroxi de,

and tdﬁglmaiéw?ﬁwamn? and vy rygonilnbRseling kyl at i ng

agent in the presence of a base. 3. The process of any

of claim2, wherein the borane or organoborate is
2. uorlheprdvess/diodl@nel ,atteyéin dichfinst rdohiind-metal exchange is carried out with

trinmethyl horate.. 4. The .process of claim 2 ek
wher 91 CRREALER Sy F B o et pisghydrosy
consiegttage Rf cafyslt QASAMPELR¥hS orgﬁfoﬁﬁﬁﬁé, and@ fd1fbwed by reaction with
m chl or opérbenzoic acid and t r -butyl peroxide.

a peroxy compound in the presence of an alkali and/or earth alkali hydroxide, and the

alkylation is carried out with an alkylating agent in the presence of a base.

3.  The process of any of claim 2, wherein the borane or organoborate is

fluoromethoxyborane ethyl ether adduct or trimethylborate.

4.  The process of claim 2 or 3, wherein the peroxy compound is selected from the group
consisting of hydrogen peroxide, peracetic acid, m-chloroperbenzoic acid and

tert-butyl peroxide.

5.  The process of any of claims 2 to 4, wherein the alkylating agent is a Cy-alkyl
halide, a Cs.jp-cycloalkyl halide or dimethyl sulfate.

6. The process of any of claims 1 to 5, wherein a further reaction sequence is carried out
starting from compounds of formula IV, comprising a low temperature bromine-
metal exchange of two bromine atoms and subsequent metal-phosphine exchange, to

afford a compound of formula
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5. The process of any of clains 2 to 4, wherein the
al kyl ati ng agent is a Cl-6-al kyl halide, a

weodkoeryec| oal kyl halide or dinethyl sulfate. PCT/EPm05/006064

process of any of clains 1 to 57 wherein a further
reaction sequence is carried out starting from
conpounds of fornula Iy, conprising a | ow tenperature
brom nenet al exchangeRQf two brom ne atons and
subsequent net al - phosphjyneggxchange, to afford a
conmpound of formul awhergin Rl is as defined above, and
R2 and R3 are equal optionally
substituted with of stituents sel ect
fromthe group con? ogen atons, nitrad;
am no, Cl1-6-alkyl, , and di - Cl-6-al kyl am no
groups, and each Clg?%quypg{%B-lo-cycloaIkyI,

Cl- 6- al koxy and di - 1-%-alky|aﬁino group in R2 and R3

optiqnal L.y hein bstituted, y¢th one ar re hal ogen.

at oY SR Ry Fer TR ey b Pt aneL il offe ol g e ionally
of f Qupdtitded/with dneRk afoRél swstithehis @cleated fildyh thie @Foup consisting of
t enperature bronm ne-netal excha(r&ge and subsequent

r eac thalpgenptomsanipiopeminod Onetlkyl, 6 1afallkaxy anf §akds-abfylamino groups,

for myl ei r ar fi.ned | . . p2
co rrpn})élt} ﬁ § X%e%b(ﬁ%/he{ﬁ:’[ ?5-1%10%?1%'&,6 3136'%%(8"%%‘%04&2‘rGé"}I%fslalTn}o&r oup in R
5, whad &’ pptodallytbeals subatitiied witdeeheastaRore haloger htethsOatd
startjing fraom conpounds of fornmula |V, conprising a_ .

| ow thraseraining bromigepioanek the coxpenndgd formyay i mﬁ@q@é with

atom . .
FeactD oo By ERAADRp IRk b Rh P ERA B AR0 S Mibseqyent reaction with
f or ma moteh doremtdRifford l@andbaeffifomechlabove, and a further

| ow tenperature brom ne-netal exchange of the remaining

brom ne atons and subRgquent netal - phosphi ne exchange,

affording ligands of fo la |, wherein RL is as
defined above, and R2 gnd R3 are equal and are

sel ected fromthe Of OTR _con ng of aryl,
C5- 10-cycl oal kyl af N 3 0
noi ety is optional psti ¥

Yrerein each aryl
2 3
R),P  PR),

wi th one or nor

wherein R!, R* and R? are as defined in compound V above.

7.  The process of any of claims 1 to S, wherein a further reaction sequence is carried out
starting from compounds of formula IV, comprising a low temperature bromine-
metal exchange of one bromine atom and subsequent metal-hydrogen exchange by

reaction with a proton donor, to afford a compound of formula

R\
@)
Q O VI,
BrBr

wherein R' is as defined above, and a further low temperature bromine-metal
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substituents selected fromthe group consisting of
hal ogen atons, nitro, am no, Cl-6-al kyl, Cl-6-al koxy

wW@r@emd27@L - 6- al kyl am no groups, and each Cl- 6-BECREP2005/006064

C5- 10-cycl oal kyl, Cl1-6-al koxy apd di -Cl-6-al kyl am no
group in R2 and R3 optionally being substituted with

one Qr .nore | ogen._atqns. . Th rocess of a 0 .

ol ai ShetpRegobe R fiofe Wbinip Rt PEESFrGmeCthp@loospline

carr ieRéhadgt, a$fo?dih% NgaddsoNfeaPo L Refersh Rl 9 Alefinkyabove, and R* and
conpri,sing a | ow tenperature brom nenetal exchange of

one ¥ o eavabansharaseleetad Soanian eronpt eonsisijug efpeyl, Cs.1o-cycloalkyl and

Cxeh SR, RS B IR bRl Po5s & o

abov gubsiifitn® JeRiMtddETRE iRt gio€p SsRMtiAE o Bilakerfat6Ma 1 0, Amino,
one brom ne atom and subsequent netal - phosphi ne

exch&hgalkilCrad-lpxy andedripecillylamirograupsa antheachiG-sRikyl,
i s defli | s.Cs o-cvel oal kyl .
o1- 65y IR e SRR PgirC SUEYERGR St Rypl g otionaily

opt i Geiglsubdigited wethsieior uickelhifopéh to@sOr nore hal ogen

atons, and a high tenperature brom ne-netal exchange
of the remaining brom ne atom and subsequent

. :E’?t %ng gﬁ&%@g&%ﬁ%@ 1 t&‘%fx%&jei'ﬁga %bﬂé\’l%&cgﬁ)& sffgdel'}&‘gé # carried out

are as define ove,
aryl stpiingfiem|cpnpobeds dffomalai V icomyeisitg MMetemperature bromine-
substit Lient s selected fromthe %r oup consi sting of
hal ogstelexehange af prgbrominggiomendsubsegyent n@taldw%rfr&sazfxchange by

and di.(1-6-al ' = 6 al R
20, Sl oA Bt oS 2 AR oAl Wi s
gr ougdefimedRbowptandnal | y bei ng substituted with one or

nore hal ogen atons. 9. The, process of a of clains,6

Fo & 2 o B Per B Rroming P ERnes Skt HrorSinecatolh And Subsequent
eXCh%{&ﬁ-ﬂh%s%ﬁﬁé ERHamst 10MfEdid A-Biipylihd oAl 2
tenperature bel ow -40 C, preferably

1

N\

O

®*,P Br
wherein R! is defined above, and R? is Cs.jo-cycloalkyl or Cy¢-alkyl, the Cj¢-alkyl or
Cs.10-cycloalkyl group optionally being substituted with one or more halogen atoms,
and
a high temperature bromine-metal exchange of the remaining bromine atom and
subsequent metal-phosphine exchange, affording ligands of formula I, wherein R!
and R? are as defined above, and R is aryl optionally substituted with one or more
substituents selected from the group consisting of halogen atoms, nitro, amino,
C,¢-alkyl, Cy.¢-alkoxy and di-C;_¢-alkylamino groups, and each C,¢-alkyl,
Cs.10-cycloalkyl, Cy.s-alkoxy and di-C;.g-alkylamino group in R? optionally being

substituted with one or more halogen atoms.
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in the range of -40 to -90 C. 10. The process of any
of clains 6 or 8 wherein the high tenperature

whe@ales3net al exchange is carried out with  PCT/EP2005/006064

"-butyllithiumor ter t-butyllbphiumat a tenperature
of at least +0 C, preferably in the range of +0 to +40

She' Wparage daRapt Peiby utt o @il Fphfifle biomine meta

consiesdHange RfcafpledoudheBhObSyl1iE LR at altéhp&aire below —40 °C, preferably
Cl- 3-al kanoic acids. 12. The process of any of clains

6 t oimtheypngeaf 4P he—RG - phosphi ne exchange is
carried out using a hal ophosphine of the formula X J,
VIIl, wherein X is chlorine, bromne or iodine and R

aone &he plocasthfang oRcRIMES or Bhehetin thehigh deriferatuee B®mine-metal
defi ned above. 13. The process of claim 12, wherein

t he Bx¢hopavissaiad aut withar-byyHithinmar fers-bufydlathaun ataigmperature of at
th L&l b no: | odi - o
5- io%%ﬁo?@%’%éﬁgg‘ﬁ% %g@%gg"ﬁgﬁ _54 [ acr:'yl phosphi nes,

preferably is selected fromthe group consisting of
chl or odi cycl ohexyl phosphi n

h
Bl o B e BjRepEHE AR 9f SlepRs ﬁéofegc‘ﬁh%?i&d]il%hbéjﬁ9$eﬂﬂ9§ﬁhisﬁéle6ﬁed from the

TSR B b, GRS cf IR i

optionally substituted with one or norehal ogen atorms,

352 u E%‘E gﬁgcrsgstsq%%? gié%lw g ?&?Vﬁﬁqr%g&ﬁ%%y;ﬁgwnh}ngeexchmge is carried

Cl- 6'0_@4 MAgaHﬁlS&lﬁisﬁhﬁé%Pt}é%ﬁnﬁmi ety is optionally
substituted wth one or nore substituents sel ected
fromthe group consistgyng of hal ogen atons,

|

P VIII,
R~ "R
wherein X is chlorine, bromine or iodine and R are equal and are R? or R?, wherein

R? and R? are as defined above.

13. The process of claim 12, wherein the halophosphine of the formula VIII selected
from the group consisting of halodi-(Cs.jp-cycloalkyl)phosphines and
halodiarylphosphines, preferably is selected from the group consisting of chlorodi-
cyclohexylphosphine, bromodicyclohexylphosphine, chlorodiphenylphosphine or
bromodiphenylphosphine.

14. Compounds of formula
1

A\

O
() L
®),P PR},

wherein R! is Ci.¢-alkyl or Cs_jp-cycloalkyl optionally substituted with one or more
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nitro, amno, Cl-6-al kyl, Cl-6-al koxy and
di - C1l- 6-al kyl am no groups, or R2 is C5-10-cycl oal kyl

wo@roogtes3@l kyl, and R3 is aryl optionally subseCT/BPIAS/006064

W th one or nore substituents ggl ected fromthe group

consi sting of hal ogen atons, nitro, am no, Cl-6-alkyl,

- 6-al k nd dj-£ -6-al kyl am no groups, and each

Cl- G%aﬁaﬁylf% %E -cycl oal kyl, Cl-6-al koxy and di-Q

6- al 'R} laalRA arqdPard arRsélbstedBomhé groab lcynd GRS aryl,
substituted with one or nore hal ogen atorrs 15. )
Corrp nuqu%qa I end IGa-svallefl.avierein epeh awyl mpigfy isgiptionally substituted

y | . iy
e T I S i —
wher Qitfb Bhing Cel-dbkyd) @ y{-alkoxyhd1d-Cedllodhititlo groups,

opt i onaIIy substituted with one or nore hal ogen atons,
and R2 and R3 are equal and are selected fromthe

gr OUR2GOARSI S eY.C 2 o .

2l k&% 9 mgrcé/lcﬁglkgri Rlaéilgllalk%fié 1} IYSS rgl%h%l?)?é}lbglmted with one or
subs tmdrel teldvihichtsaplecied fiont theuhgt donsietifigoSiell @ghebhy, aitro, amino,
t he onsi s |ng of hal o )H atons, nitro, am no,

G -6- 16 ¥ %1&‘@ léFidS'aglF HR0-ZAPUBP ami no gr oups,

or | Y I 2
ar y:?%%%i% ?ilcg[n%a g fb t'ut eg{yl %ﬁ%glﬁdé& oalrIld dé@ll 6%%(}Jlgmmo group inR
substnd R& nptsormﬂbféxehgckubstﬂuued wathgme wp nooe hals gwmgomﬁ

hal ogen atons, nitro, am no, Cl-6-alkyl, Cl-6-al koxy

and di - C1- 6-al kyl am no groups, and each Cl1-6-al kyl,

G3: 1@ompoufd sformfih- 6- al koxy and di - Cl1- 6-al kyl am no

group in R2 and R3 optionally being substituted with

one or nore hal ogen q{wms

Br Br

VI,

wherein R} is Cis-alkyl or Cs_jp-cycloalkyl optionally substituted with one or more

halogen atoms.

16. Use of compounds of formula I,

1

N\
0

®),P PR,
wherein R is Ci¢-alkyl or Cs_jo-cycloalkyl optionally substituted with one or more
halogen atoms, and
R? and R? are equal and are selected from the group consisting of aryl,

Cs.10-cycloalkyl and C;¢-alkyl, wherein each aryl moiety is optionally substituted
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for the preparation of catalytic active conpl exes of
transitions netal, preferably of ruthenium rhodium or
WO pdodioonTso PCT/EP2005/006064

31

with one or more substituents selected from the group consisting of halogen atoms,
nitro, amino, C;_¢-alkyl, C,.¢-alkoxy and di-C;.¢-alkylamino groups,

or

R? is Cs.jo-cycloalkyl or Cy.¢-alkyl, and R? is aryl optionally substituted with one or
more substituents selected from the group consisting of halogen atoms, nitro, amino,
Ci¢-alkyl, C;¢-alkoxy and di-C;.¢-alkylamino groups,

and each Cj¢-alkyl, Cs.io-cycloalkyl, C;¢-alkoxy and di-C;¢-alkylamino group in R?
and R? optionally being substituted with one or more halo gen atoms,

for the preparation of catalytic active complexes of transitions metal, preferably of

ruthenium, rhodium or iridium.



