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WO 2006/002731 PCT/EP2005/006065 | Process for the preparation of
asymmetrically substituted biaryldiphosphines Preparation of
enantiomerically pure compounds is important to improve the effect of
wptmnaracettically active compounds and to restrict unwanteek Side »ieeiecs
of the "wrong" 5 isomers. The invention relates to a process for the
preparation of asymmetrically substituteld biaryldiphosphine ligands and
transitiorfj metal complexes tgereof for the_hydrogenation of unsaturated

OroRasTal Eothp BER TR S AT RS RUY SREgHed izigiphosphines

hydrogenation is one of the most efficient and convenient methods 10 for

eparing a wide range.of.enantiomerically pure compounds. Proyidi
A o A o R SR ATPAT bR oA B of
abivesshiselindsiandwopipoinas! thersottendstepkycaifntrefdndlyrong”
mpotantiole jn.syathetic anenisiiv. Sevarel diphosphine ligand fanlies
are common‘ly kﬁown WithSth:gi;B@tlrs?adxgsnames,p %g%%z%ﬁeaﬁ%ﬁﬁ%?ca ky

SR g YBIgPsTHUP HDSISRG PHOS ant PUNAR TS {IEBMdthdes
faydhepisparatinabhian dihasPhing iANds oL e AUNAR. GECPHOS

and TUNAPHOS families are disclosed in EP-A-025 663, EP-A-850945
and WO-A-01/21625, respectively. Furthermore WO-A-03/029259

displanpe syathesisafadiiarnedapvativenRbSiERiQa@nd #siaeméBods
:E?Pal, C.-C. et a!., Teé%%rgl}pdron, Lett.. 2002, 43, 2789-2792 the use of
I

VRS TONG] e (U A BB S hoSpRfRe g shads for the
fpethe asymonettiolydogairalinnooblattydcbeiklrecdve xobityiaie 48d compounds

scribed.. Further examples for the preparation of biaryldi- phosphines
e B L T e
Iighrieitd B rasp Himai liigpcard scanendidgloseslnrw EP 610 1926 156 Rorfetimple

R AP @k BP0 MeBSrpiryal 'MMW%M%%
ed, though only

unsymmetrically substituted biaryldiphosphines are claim
examples of symmetrically substituted ligands are disclosed. With only -

fﬁi@tﬁ&%@ﬂﬁtﬁéﬁ?@é@ﬁfpdﬁfﬁﬁ?ﬁ(ﬂﬁ%ﬂ%@!ﬁgﬁi@@ﬂi& RGO SEGPHOS and
unsymmetrically substituted bla_ryldllphOthlnes and catalysts derived

TN RPHOS Editis ave disclosed 1 EP-A-035 663, EP-A-850943 and WO-A-01/21625,
respectively. Furthermore WO-A-03/029259 discloses a synthesis of a fluorine derivative

of SEGPHOS and its use.

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 biarvldiphosphines 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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30 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

winetad/okr1own examples of ligand systems CONFIRMATIO M@@P08u@s065

2006/002731 PCT/EP2005/006065 2 hazve symmetric substitution
patterns of the core and identical phosphine groups. As a rare example

?_(&ﬁ;ﬁ%’n%? @uﬂé?&l%%}@%%?rtﬂg Mﬂrﬁ%ﬁf&@ﬁg&%ﬁ%ﬁé@@ﬁ% As arare

rate, using a catalyst containing the liga
(SyB PR Eky-S26HHER s RosesrS EBIERY Ipeapipd) b Y I Phigro-

(8)oalaniilie QRiaINeH Wil AR ARAMHIOMESTiEam k88" enzo-
E§P?%\-Q 6%'%64%9,61#3? V\/g%-t02/40492 clairh%ipr?gggﬁﬁmﬁ%ﬁﬁ e

abyriftistiRhany Shpsineb i cdne Guelrehalde plaine il fig enantiomeric
peReiples ase g0t suitable to produce a broad variety of different
asymmetrically substituted biaryldiphosphine ligands. 10 For the synthesis

of the inventive asymmetric biaryldiphosphines a major obstacle had to
kePeyefcaITet asdepicted b/ 8avendriin Apyosphines with asymmetrically substituted

'-.d}gpen Iphosphino; 2-li hioqlliphen | genera- ted as.an jintermediate
N e Ao P A S REHCALR BT pA By ¢ bron
contensatigrewithasysecendaghy subsliveahyiphosphipghcehponint, if a
single fluorine, 15 chlorine or bromine atom or a single methoxy or

dimethylamino group was attached to the 6-position (Miyamoto, T.K. et
drorfhovgiherisal bnaventygosgrmegie bimdditheashioes Selossbptavie Ipd to
QLORARLMSL: SNRENcr:E 20582 P AnT e SOMBURRSIANIRITRNEGIBReny] genera-

philic substitution at the phosphorus atom and cyclization to_afford .

1ef B A dpTRReYRs-fhtled it pacsiher pranmsiarally rebsttes Sircxldighgephine by
appaashes:taithe lvendiveidgandgargpRéssieniciehioRaheneaibdelowsine,
Here and hereinbelow the term."enantiomericall re.compound"

R B S SRR S SO Mg aiaghed to the
di-abégast @diysmdbHere end.hér@igbetovetHeitermM 98] 373)Byl2; Desponds, O.,
r@&ﬁﬁ;ss%ﬁ%,'ﬁ‘ %{g%o%@p %kh% nai%k%%lip 257). The compounds undergo nucleo-
philic substitution at the phosphorus atom and cyclization to afford 1H-benzo[b]phosph-
indole (9-phosphafluorene). Known unsuccessiul approaches to the inventive ligands are

depicted in Scheme 1 below.

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. Cy¢-alkyl represents for example methyl, ethyl, propyl,

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

Here and hereinbelow the term “Cy.y-alkoxy™ represents a linear or branched alkoxy group
having 1 to n carbon atoms. Cy¢-alkoxy represents for exampie methoxy, ethoxy, propoxy,

isopropoxy, butoxy, isobutoxy, sec-butoxy, ferf-butoxy, pentyloxy and hexyloxy.
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carbon atoms. Di

having 1 to n carbon atoms. ClI.6-alkyl represents for example methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl and
hexyl. Here and hereinbelow the term "Cl_n alkoxy" represents a linear or

wbrameltedalkoxy group 30 having | to n carbon atoms. Ct_@<atkapegos/ao6065

represents for example methoxy, ethoxyy propoxy, isopropoxy, butoxy,
isobutoxy, sec-butoxy, tert-butoxy, pentyloxy and hexyloxy. WO
2096{90 @7§ﬁ55&3¥§ﬁ%%8§{9«91@9@§a g1l MASHEERSEHo )g)hme ligands.
approaches to asymmetrically substituted diphoSphine ligands.

P(C6H %)2 Li L| (HSC6)2P Br IX /X/10 O--P 0--P Li P(C6H5)2 (H5C6)2P

carbonBat_om@ 0)§.10- cycloalkyl represgnts mono- and polmglg)gmng

systems such as cyclopentyl, cyclohexyl, cyclopeptyl, cycloo tyI
adamantyl or ngrbomyl. 25 Here.and hereinbelow the term/
cycloalkoxy" reprgsents a cycgloalkoxy grouphaving 3t carbon atoms.

Cs_lio-cycloalkyl represents for example cyclopentyloxy,
cyclopenyloxy cyclohé%)tyloxy cyclooctyloxy, or cyf?lodecyloxy Here and

group 30 comp

NN-dimethylamino, el amlno N- etmlgl)limeﬁhylamlno

N-methyl-N- propylamlno N- ethyl -N- hexylamlno r N,N-dihexylamino.
, PR,CI
PR,C LICH,]
X X
RP P(CH), Il’ (H,C,P PR,
GHS

with X = H, F, C}., Br, OCH:,', N(CHz,)z

Here and hereinbelow the term “Cay-cycloalkyl” represents a cycloaliphatic group having

3 to n carbon atoms. Cs.jp-cycloalkyl represents mono- and polycyclic ring systems such as

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

Here and hereinbelow the term “Cs.p-cycloalkoxy” represents a cycloalkoxy group having
3 to n carbon atoms. Cs.jo-cycloalkyl represents for example cyclopentyloxy,

cyclohexyloxy, cycloheptyloxy, cyclooctyloxy or eyclodecyloxy.

Here and hereinbelow the term “di-Cy¢-alkylamino™ represents a dialkylamino group
comprising two alkyl moieties independently baving 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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4 Here and hereinbelow the tern "aryl" represents an aromatic group,
preferably phenyl or naphthyl optionally being further substituted with one
or more halogen atoms, nitro and/or amino groups, and/or optionally
substituted C16-alkyl, Ci 6-alkoxy or di-@ 1 -6-alkylamino groups. 5 Here
and hereinbelow the term "Ci_3-alcohols" represents methanol, ethanol,

HRERPARONGBRAHISRY PRAAGH Hete agherainkelouhthectersl ;s Gordeali@ Bifny1 or

acids" represents formic acid, acetic acid 10 and propanoic acid.

ERHE SRR g SRraboT RSl it Stfikione sEdBarehalesfmagmep nitro and/or
Y l—é}?%@,'%ﬁ%ﬁo1gfﬁ@6§£f}?ﬂé{h%§tﬁﬁ@dt@Eﬂlﬁﬂ%\d,eéﬁkecﬂﬂ\é% andiafficianSyamino
Cla

of artifi catalysts, particularly for the production of pharmaceutically
gitéresting compounds. 15 The technical problem to be solved by the

present invention was to provide a method for the tailored synthesis of a

series of biaryldiphosphines. A further problem to be solved was to

RIS RS a0 s 1T rhbatithARter (o pTEVRIBISHRABlecHiABRIn Ry Ranol and
ifgaogsntar the pharmaceutical industry. Furthermore, the general concept
should start with an easily 20 available compound and should contain few
reaction steps, allowing the synthesis of a wide variety of ligands, only

Hiepanding saHhsaastionsaguentandienmblem-coud hesalved, acetic acid
according to the process of claim 1. 25 In one aspect, there is provided a
PBfoReeatsictAtibreparation of asymmetrically substituted

biaryldiphosphine ligands of the formula, RO 301, (R")2P P(R3)2 WO

2006/002731 PCT/EP2005/006065 5 ) _
Considering the high stereocontrol and efficient action of enzymes, i.e. natural catalysts,

great effort 1s spent to improve selectivity and efficiency of artificial catalysts, particularly

for the production of pharmaceutically interesting compounds.

The technical problem to be solved by the present invention was to provide a method for
the tailored synthesis of a series of biaryldiphosphines. A further problem to be solved was
;go 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.

In one aspect, there is provided a process for the preparation of asymmetrically substituted

biaryldiphosphine ligands of the formula,

vyl

R\

O
Q O Ij

®),P PR,
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wherein R1 is C1-6-alkyl or C3.io-cycloalkyl optionally substituted with one
or more halogen atoms, and R2 and R3 are equal and are
C5_1lo-cycloalkyl or Ci_6-alkyl, or 5 Rz is Cl-6-alkyl or C5-10-cycloalkyl,

wangde8oxaryl optionally substituted with one or more subsHUBRRER005/006065

selected from the group consisting of halpgen atoms, nitro, amino,
Cl.6-alkyl, C1 6-aikoxy and di-Ci-6-alkylamino groups, and each

%%@%Fﬁég%;f&%ﬁg%pbgﬁr%a'&%ﬂamﬁ&{a@x&%@;ﬁ;&%@%mm&

eing substituted with one or more halogen atoms,
Tolesmmiding #first reaction sequence, wherein one bromine atom of

R2 B Prtetrabiomen Pipbenyl Brdi.4810Ad| | BB is exchanged with
hydrogen by bromine-metal exchange and subsequent metal-hydrogen
é¥change by reaction with a proton donor, to afford a compound of

fafmutg 2e1B b.CBY, Bialssand, aerdnthreagHiom sepHenaa:whereinng more
brogmine atom of the aromatic moiety.of the .compound of formula |V
R O BRATRLIS BXERAGE DR HRAB TS E. FRettyino. Ci--alkyl

axchangeyend dihseqlieyitmetagdbydspxydexchange, followed by an
alkylation, jo afford. 5 componnd gt ormula. % 30,BL B WG A908/00%k ¢ v

optionally being substituted with one or more halogen atoms,

comprising a first reaction sequence, wherein one bromine atom of 2,2°,6,6"-tetrabromo-

biphenyl

Br Br

_ Br Br
is exchanged with hydrogen by bromine-metal exchange and subsequent metal-hydrogen

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

Br

S g

Br Br

and a second reaction sequence, wherein one bromine atom of the aromatic moiety of the
compound of formula [V containing two bromines is exchanged with OR! by bromine-
metal exchange and subsequent metal-hydroxy exchange, followed by an alkylation,

to afford a compound of formula

Br Br
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wherein R1 is as defined above, and further reaction sequences, wherein
each reaction sequence comprises at least one bromine-metal exchange
and subsequent metal-phophine exchange with the respective phosphine,

wihevebyexnghanging the respective bromine atom with a diapdphospiingsdes

di-C5_lo-cycloalkylphosphino or di-Ci_6-alkylphosphino group. The
bromine-metal exchanges mentioned in the instant invention may be

cwalrlgi%gn%t I\gsvgp ?g%% erg%d%%d amount of the respective organometallic

compound at a temperature below -40 C ("low temperature
Ershiindenesattomirngecisor hewiepperatgie w RIS GG Righkest one

tﬁ@ﬁ%@%@%‘%@?ﬂ@é@ﬁ%@é@&@é}ﬁ enétdrBiiab RN AdiphosRRinG IDRRE tive

comprising a biaryl skeleton which is permanently twisted around the ™
aoRfRilES BHcEHIBCHBERE REVERICIAE SHstiferoA M meéaiyiphosphino,
hydrogenationwithdsansition anetal sempirxssiasegferably performed

with one of the 15 atropisomeres and optionally further chiral auxiliaries.
Therefore, it should be appreciated that any reference to ligands of

o BleiRn & daR Bk (RAZE BERFRWhenainR xR Z.andiRSarersdeliaes: with
agg)ve, im%”@%'%/ ir%c;%#]%es its atrogisomers t2 MR O %QR ZP%IS;SQZ g&) |
OB BRSSO VE AndTERATHOT SIRERVREEPa SIBRC &g “bf TaReating °=°™
thélr aositive erreraegdiiver}-opticat: rbtaiot WE 2006/002734f at last § °C
E‘%@@%ﬁ%@%@ﬂ Jhe undesir deﬂng closure mentioned in Scheme
above can surprisingly be avmdeé E%/
Chiral biaryldiphosphine ligands comprising a biaryl skeleton which is permanently
twisted around the central carbon—carbon bond have two atropisomers. Asymmetric
hydrogenation with transition metal complexes are preferably performed with one of the
atropisomeres and optionally further chiral auxiliaries, Therefore, it should be appreciated

that any reference to ligands of formula
i

R\
O

() |

®),P PR,

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

2% of
®)P  PRY,
I°-S, and I'-R
if not otherwise specified, e.g. by indicating their positive (+) or negative (-} optical

rotation.
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the inventive process. The reaction sequences of the present process for
the preparation of compounds of formula | are depicted in Scheme 2. The
synthetic approach of Scheme 2 starts with

W, 2iy66tetrabromo-1,1'-biphenyl (l1l), wherein one bromineratorpraoitbbisiss

replaced by hydrogen. Compound Il can be obtained by condensation of
1,3- dibromo 2- iodobenzene (ll) according to Rajca A. et al., T. Am.

Chem 996, 118, 7272-7279. ord| to cheme '&Q%d db
B TR o At Ly S e, SR A R Obvded by
tempemﬂwe pindees) Cﬁ‘izalremtmn semtsnofagfehisrotsnhp® erssiforida ehenssation of

(;%788 ds o} Tofll 21 f% @%PH‘ %%H%@%S o fnthetic approach of Scheme 2

-tetrabromobi replacing one bromine atom with
hyatogai 8;286,55»?/&%17@#03}, Hrofaiened (HR RhgeiBee bomine agopygil s

ééﬁ@@ﬁ’ 2 Mohd83li 2R [Bre [G5ddnBA b{asldQR0IRA)2B-Bbrdtho-2-
g R3"as described therein,

iodobenzene (II} according to Rajca A. et al., J. Am. Chem. Soc. 1996, 118, 7272-7279.
According to Scheme 2 tailoring of ligands of formula I can be achieved by modification
of the order, reaction temperature and equivalent amounts of agents of only 5 basic

reactions {2 to e}.

Scheme 2: Preparation of ligands I from 2,2°,6,6"-tetrabromobiphenyl (1) replacing one

bromine atom with hydrogen

Br Br

Br Br
11

ia—l]l[d] 1
B\
O

Q 2o X0 o QN
ibC]

1

R“\

Br Br Br Br (R )P PR ):,_
v ' V I
[a~1]] [e-1] {a-3]
Ry [e-3]
O

W,

(R*,P Br
Vi
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[a-1] = I 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; 5 [b] = borane oxidation; [c] = alkylation; [d] =
hydrogen quenching; [e-l] = 1 eq. metal-§|ky|- or cycloalkylphosphine
exchange; ;[e-2] = 2 eq. metal-alkyl- or cycloalkylphosphine exchange; 10
Re- 8y :'““P%B. AR %?Mﬁ%%rﬁﬁ}ne exchange; In a preferred embodiment,
[ﬂm]bfqr@mqom%@h@gghg@ggﬁﬁmQg@%@&formula lllis carried out

Wijgh one equivalent of n-butyllithium at a temperature below -40 C ("1 eq.
[f5t] {2 BT AR PRSNGSR Rsaretab e s hang Holar solvent. The
[folowingomelal Histhydipgaiexehanage-isaaruQarauEy reaction with a
Ero_ton donor, to afford a compound of formula IV. Preferably the
[Rydroderens RE13% Bkected from the group consisting Of Cl-3-alcohols,
[wiater, Aienlexgahizing inorganic proton acids, and Cl.3-alkanoie acids.
Pigfergb the non- 20 oxidizing inorganic proton acid is HCI. More
eferdbly #8 FESEHIRSvith the hydrogen donor (hydrogen quenching) is

[earTied ey nedtal gmperaityadaliieptanggiol &oHema0 C. 25 In a further
erred emboﬁjéﬁ(ent, the bromine-metal exchange of the second

pr
[ Faaktion> % BTiaRRE B e ¥ ot SPIBHR Gle M &ecarried out with one

[equivalent afatbutylplithpinatactemperature below -40 C in a polar
solvent to afford a metallated inter- mediate. The following metal-hydroxy

exchange is carried out by reacting the metallated intermediate with a

Iharprdenredrgabodioraie, tfelipwetibynieat taohaithea PRIOK SRR WAG3Rula I is

cin th rese%ce of an.alkal agd/ r earth alkali hydroxide, and the
§ﬁ37§ { ;

Bh T B AR ABOE Rt B B IAERIG BGE A AR hES BR80T Base ! ea-
IMQ20064002 HRAnREET P2 QA5HAEO85 1S otrpsefesre TR RIRIvaDt B! -
bgl[ane or o}(l%gnoborate [ flu%rodime,thoxy%)rane ethgl
hydrogen exchange 1s carmied out by reaction with a proton donor, to afford a compound of

formula I'V.

Preferably the hydrogen donor is selected from the group consisting of Cj.s-alcohols,
water, non-oxidizing inorganic proton acids, and C,_s-alkanoic acids. Preferably the non-

oxidizing morganic proton acid is HCL

More 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 further preferred embodiment, the bromine-metal exchange of the second reaction
sequence of the compound of formula IV is carried out with one equivalent of n-butyl-
lithium at a temperature below —40 °C in a polar solvent to afford a metallated inter-
mediate. The following metal-hydroxy exchange is carried out by reacting the metallated
intermediate with a borane or organoborate, followed by reaction with 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.
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ether adduct, triisopropylborate or trimethylborate, preferably in ethereal
solution. In another preferred embodiment, the peroxy compound is
selected from the group 5 consisting of hydrogen peroxide, peracetic acid,

winelleroperbenzoic acid and tert-butyl hydroperoxide. In yatBpetierocsoss

preferred embodiment, the alkali and/or earth alkali hydroxide in the
reation with the peroxy compound is selécted from the group consisting of

LIOH, NaOH, K H.10ﬁ$ H)2 and M OFZ.In further preferred
bRt SbumenC BN A0 M L R RIS ane oty

alithdr hydeokitieseulantbdfrsmrthiengfoyipoaiesistfitadly iOkthdderDid O,
Ca(OH)2 and Mg(OH)2. 15 In a preferred process the alkylating agent is
a Cl.6-alkyl halide, a C$_to-cyeloalkyl halide or dimethyl sulfate.
Pheferby prdaoiedeakyiinrieths accra-giarorafriteiseied sy sroup

i0&5’&9&5tﬁgrsm;w%eﬁi%@ﬁ5%@%%{1@%@@,@9%@&§0&9&999§5wd0;m tert-butyl

dimethyl sulfate. 20 In a preferred process, wherein'a further reaction
sEYtisRt® & earried out starting with the compound of formula V above,
comprising a low temperature bromine-metal exchange of the remaining

bromine atoms and subsequent metal-phgsphine exchange, tg afford a .
coiSotST REFSEE ‘B‘i’?"(?‘é’f);iéﬁ‘% (’ﬁ%’% %ﬁ%ﬁ@ﬁ‘%}ﬁlﬁrﬁﬂde in the reation
ChBhaliehanS3cimpyehddiad eptibfally thulstitteshwitihgre DIOHEre0H, KOH,
heil%% n ato R2 and R3 are equal and are C5.10-cyeloalkyl or

C1. gﬂ&im or 06/002731 PCT/EP2005/006065 10 R2 is
C5-lo-cycloalkyl or Cl.6-alkyl, and R3 is aryl optionally substituted with one

Of {9 H Giher 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).

In a preferred process the alkylating agent is a C, ¢~alkyl halide, a Cs_jo-cycloalkyl halide
or dimethyl suifate. Preferably the Ci¢-alkyl halide is a C,_¢-alkyl bromide or C;_g-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 with the
compound of formula V above, comprising a low temperature bromine-metal exchange of
the remaining bromine atoms and subsequent metai-phosphine exchange, to afford a

compound of formula
1

R\

| 0
(=) L
®H)P PR,

wherein R’ is C¢-alkyl or Ca.jg~cycloalkyl optionally substituted with one or more
halogen atoms, and
R? and R? are equal and are Cs._jp-cycloalkyl or Cj.¢-alkyl,

or
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substituents selected from the group consisting of halogen atoms, nitro,
amino, C1.6-alkyl, Cl-6-alkoxy and di-CI-6-alkylamino groups, and each
Cl.6-alkyl, Cl-6-alkoxy, di-Ci_6-alkylamino and C5-10-cycloalkyl group in

wB 20as10h253R 3 optionally being substituted with one or more Fatagens/006065

atoms. Provided is also a process, wherein a further reaction sequence is
carried out starting from compounds of formula V above, comprising a

lqwy temperatyre bromine-metal exgchange of one bromine atom of the aryl
) CE TR G B iy A OB e L AfD Fh S f e
examinge;techiford fooothpaumy obdsistiegn Faets RA)IMiBe,wingrei & R-alkyl,
is-as defined above an rei is Cs_io-cycloalkyl or CI-6-alkyl, the

C E"Pog%fé%g’ik%y or Cglﬁgk?%%%%%?éﬁ% R2 optionally being substituted )
withl eadh 61 mdie Halegekoato iisC eoatd farittsiyeCsontpelnatkpf SR and

N isog%f%aéiga&gta%i&&h@&&%@ﬁ%@éwﬁm@%&v%@xchmge and a

subsequent’metal-phosphine exchange, to afford ligands of formula RI O
25 (R52P P(R3)2 wherein R' and R2 are as defined above, and R3 is aryl
opianallyisuistiiutedasithaneian AXneprestibstitdenissalestesifiamithgns from

group consisting of halogen atoms, nitro, amino, C,.6-alkyl, Cl-6-alko

ARSI UGG GrolbsC EREF AP %6 GRGH E1oB ARG el Sxchenee of

divke Hoatiidanaine MR 3:eptionalibaing SsubstiGre duittone i matd -phosphine

halo%en atomgf V¥|O 6200060/81953%%) P%‘Ifa /EP2005/006065 11 In a preferred
Hi%?e?%f‘ ac aIownf@mpera ure Bromine-metal exchange is carried

out : 1

RN\

O
2
(R'),P Br
wherein R! is as defined above and wherein R is Cs.jo-cycloalkyl or C;¢-alkyl, the

Cs.io-cycloalkyl or Cr.g-alkyl groups in R? optionally being substituted with one or more

halogen atoms.

Preferably the compound of formula VI is than reacted in a high temperature bromine-

metal exchange and a subsequent metal-phosphine exchange, to afford ligands of formula
i

R\
0

/N

®H)P PR,

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,
C1.e-alkyl, Cig-alkoxy and di-Cj.¢-alkylamino groups, and each Cye-alkyl, Cie-alkoxy and

di-Cy.¢-alkylamine in R® optionally being substitoted with one or more halogen atoms.



with an organometallic compound such as n-butyllithium,
isopropylmagnesium chloride or lithium tributylmagnesate at a
temperature below -40 C, preferably in the range of-60to -90 C.5In a

worsfercezrambodiment each low temperature bromine-metatexenangedsss
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carried out in a polar solvent, preferabl;i 3containing tetrahydrofuran. The

removal of the last remaining bromine atom from compounds of formula

VI, as #e is(ted in Scheme %{‘rev?lflires di%fler nt reac}io&aﬁ%ggﬁtiongifsor %%d ont

HEIB S et B RS TR IRV oh R HRH RS n A Braterrad”

entiodimentothedifitogenpmethbectcirembetidithivimdisptrogifneagnesivm chloride or
rganometallic compound such - llithium, tert- ithi

e e R T G R e conze o010

tefifpdrature of at least O C, preferably in the range of 0 to +40 C. The

e %%@&Ea%ﬁ%%%%‘?@&?z&%&%‘é%% {2 equivalaniskdepends 8Bd out in

stituents attached to the biaryl moiety. In 15 most cases one
etjpie SpiveR PRI ARatalli e SPHBBYHEA S Bufficient to replace the
halogen atom with the metal. In a preferred embodiment the high
temperature bromine-metal exchange is carried out in a solution

COREARMAY Ao el ath BPBIA B IRE Y BRIRF AR TR B U SPPRRAR S BT g2

thg meialpbasphine eyehengatisearedioutusingas halophosphinenofal

the formula X | R/PAR VII, 25 whereing(is hlari br r&igga?r ioc{in% ]

AR S SR SPS BB R Y GRS R BN R At e AL GRS

abakeng2dpendiodjoon Wit imengedsabditventppthd hrdophodpintigiobthderr-

for VIl is selec from. Qnsisti [ osphi
fgyjlﬂgx&%%%%pﬁ%%%%%&gﬁ&ieagﬁ%éggﬁm&?i%ggm, SPDIRGSerature

hal ines

heflatii<Gi 06:Qllybistadp iribs rEwele BPyprmdiety-ofpemount of the organometallic
h@éﬁi%!@&%@&%@%i%@éﬁ% iFpRtiana s WRstilE s With-BRS B LRy moiety. In
St

substituents selected from the group consisting of halogen atoms, nitro,
aPECANECRE 0BRSS P ERegrgsDYBsBbB e Pound is sufficient to replace the

halogen atom with the metal.
In a preferred embodiment the high temperature bromine-metal exchange is carried outina

solution containing toluene and/or tetrahydrofuran,

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

halophosphine of the formula

1

P VII,
R~ TR

wherein X is chlorine, bromine or iodine and R are equal and are R* or R®, wherein R* and

R? are as definded above,

Depending on the intended substituents, the halophosphine of the formula VII is selected
from the group consisting of halodiarylphosphines, halodi~(Cs.1o-cycloalkyl)phosphines
and halodi-(C;.¢-alkylyphosphines.

Each aryl moiety of the halodiarylphosphine moiety is optionally substituted with one or

more substituents selected from the group consisting of halogen atoms, nitro, amino,
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12 Cl.6-alkyl, Cl.6-alkoxy and di-Ci.6-alkylamino groups. Optionally each
Cl.6-alkyl, Cl.6-alk- oxy, di-Cl_6-alkylamino and C5-10-cycloalkyl group of
the halophosphine of the formula VIl is substituted with one or more

whaleganatams. In a preferred embodiment the halo- phosphiemh:thecosess

formula VIl is selected from the group colrisisting of halodiarylphosphines
5 and halodii-(C5_lo-cycloalkyl)phosphinés, more preferably is

chlorodic hexylphosphing, . .

SRRy cToF B TR AUR ARG ARG RS SRlepl cach Crolio,Crali

bromatiifheaiiiphosphinel (Rievirdoeind eompoftitdshefophfepmotaoRtihgGormula
Ll A R3)2. 1 i R -0- l.or ao-cycl )

T e

arhegbiicaridharBoala0 ey seligdirondhalRirvrorRrssEne 5l bakyirsairypsphines

oy, Galbralivican 0@@%#9@&%&}/{5% : Qb‘lxtxg Q0605 MRS &Y phosphine,

substituents selected fromthe group consisting of halogen atoms, nitro,
ahfmm@%@lamwi@mla%@damil@mwéﬂéﬁaﬁﬁﬁé%g%%?bw@éewhm
Cl.6-alkyl, Cl-6-alkoxy, di-C1.6-alkylamino and C5-to-cycloalkyl group in

R2 and R3 optionally being, substituted with one or more halogen atoms.

D BTEURR AT ETBISVIGR B &fe ¥oMiBounds of formula RI O 30 Br Br

wherein R!is Cl.6-alkyl or C3_]O-cycloalkyl WO 2006/002731
PCT/EP2005/006065 13 &\

G
SSo NN
®),p PR,
wherein R! is C;¢-alkyl or Cs.io-cycloalky! optionally substituted with one or more
halogen atoms, and
R? and R? are equal and are Cs.jg-cycloalkyl or Cyg-alkyl,
or
R%is Cs.yo-cycloalkyl or C;.¢-alkyl, and R%is aryl optionally substituted with one or more
substituents selected from the group consisting of halogen atoms, nitro, amine, Ci.¢-atkyl,
Cig-alkoxy and di-C,.e-alkylamino groups,
and each C.g-alkyl, C;¢-alkoxy, di-Cj¢-alkylamino and Cs.jo~cycloalkyl group in R%and

R? optionally being substituted with one or more halogen atoms.

Furthermore provided are compounds of formula

1

£\

Q
Br Br

wherein R' is Cy.g-alkyl or Cs.jo-cycioalkyl
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optionally further substituted with one or more halogen atoms. The
invention provides compounds of formula Rl 50 VI; (R')2P Br 10 wherein
R1 is C1-6-alkyl or C3_lo-cycloalkyl optionally substituted with one or

wimores/fatvgen atoms, and R2 is C5-lo-cycloalkyl or C1-6-alkgi/tre005/006065

C5_io-cycloalkyl or C1-6-alkyl group in RI% optionally being substituted
with one or more halogen atoms. 15 Provided is the use of compounds of
formula 0..20 (R2)2P. P(R3)2 wherein R' is C16-alkyl or

C%Iit %n-gﬁz%ratéefl g(‘%#éngﬁ%/(vgu Shituted’ %F?l]l%?ﬁéegra%g%réé halogen atoms,
and R2 and R3 are equal and are C5_lo-cycloalkyl or Cl-6-alkyl, 25 or R2
isl%%‘i%@é%‘él?&lmcfég Qdﬁ%é‘l\‘ﬂés areR3.s aryl optionall_y ;ubstituted with
one or more substituents selected from the group consisting of halogen
atoms, nitro, amino, C1.6-alkyl, Cl-6-alkoxy and di-C1.6-alkylamino
groups, and each C1-6-alkyl, G4.6-alkoxy, di-Cl-6-alkylamino and
C5-1o-cycloalkyl group in R2 @dnd 30 R3 optionally being substituted with
one or more halogen atoms, R preparation of catalytic active
complexes of transition ‘@ oTe of ruthenium, rhodiunypr
iridium. Said catalytic active=gomplexes-gf transition metals can be used
for hydrogenating, preferably'asymmetrically hydrogenating, of a
compound containing at Igéié)g%n &WO0 2006/002731 PCT/PP2005/006065

1%:!herein R'is Cig-alkyl or Cg-m-oyéloa}kyl optionally substituted with one or more

halogen atoms, and
R%is Cs.jo-cycloalkyl or Cy¢-alkyl, the Cs_jg-cycloalkyl or Cy¢-alkyl group in R* optionally

being substituted with one or more halogen atoms.

Provided is the use of compounds of formula

&
O
O, L

®"),P PR,
wherein R' is Crg-alkyl or Cs.o-cycloalkyl optionally substituted with one or more
halogen atoms, and
R? and R are equal and are Cs.jp-cycloatkyl or Cj¢-alkyl,
or
R%is Cs.io-cycloalkyt or Cig-alkyl, and R’is aryl optionally substituted with one or more
substituents selected from the group consisting of halogen atoms, nitro, amino, C;.¢-alkyl,
C.¢-alkoxy and di-C,.¢-alkylamino groups,
and each Cy.¢-alkyl, C)4-alkoxy, di-Cy.g-alkylamino and Cs.yo-cyeloalky! group in R? and
R’ optionally being substituted with one or more halogen atoms, for the preparation of
catalytic active complexes of transition metals, preferably of ruthenium, rthodiam or

iridium. Said catalytic active complexes of transition metals can be used for hydrogenating,

preferably asymmetrically hydrogenating, of a compound containing at least one
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unsaturated prochiral system. Preferably the products obtained by said
asymmetrically hydrogenating are enantiomerically pure compounds.
Several examples for general applicable methods for the preparations of
weatadysigmnd 5 catalyst solutions are disclosed in AshworthpdT/ e anstho&iss
Afr J. Chem. 1987, 40, 183- 188, WO OO{%QB?O and Mashima, K. J. Org.
Chem. 1994, 59, 3064-3076. In a preferred embodiment the hydrogen

pressure during.hydrogenating s in the range of it0.60.bar, particularly .
et SR S R R S R
hsldogemating dsccamédoeiallx temperapormds.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

cSmseni saseplatdivisgrarpreppicabicrestivdaybyetpreaasrbeniral ediedyids and
OrQURRF SRIRCRILAL HRING.BIQHR: IR BartcHarpieteried embodiment, the g3

compound containing at least one unsaturated prochiral carbonyl, alkene
o VB O35 SR Hiah el ip I AA SF R AP0
(3-ketoesters, a- and (3-ketoamines, a- and P-ketoalcohols, acrylic acid
derivatives, acylated 20 enamines or N-substjtuted imjnes of _aro_m‘ati(g1
kSIS R PR rEYAIISThE FFHFD fHREE G FosehBREdT&n the range of
carfiesh ol withi eubatalysirasebdtiontia ramgelar 2selgsnizike C14-alcohols,
water, dimethyl. sulfoxide (DM dimethylformamide F), acetonitrile
RS e R L SRS R
metiaerdl) etHEIGKOr isopropyl alcohol or a mixture thereof. Particularly
preferred, the 25 solution may contain further additives. The present
invention is illustrated by the following non-limiting examples. 30
Elmpiprierekamiidinen Ioienoruicalanngmé (g omsopsyriadpeochiral
(Qyldteln D01k @faﬁp&@a@xd&) Fpibsamahenzentidlsd kaRidd Kerodnfal

e

mol) were consecutively added to a solution of n-pbutyllithium, (1.0 mol) in

tetPEPRICETRRD: S0BBAES AFISETRIPYCOR PSS IS &N (2.0 L) and
hexanes (0.64 L) at -75 C. After 2 hat -75 C, a solution of iodine

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 o~ and
B-ketoesters, o~ and B-ketoamines, o- and f-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 Cy4-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.

The present invention is illustrated by the following non-limiting examples.

Examples:
Example 1: 1,3-Dibromo-2-iodobenzene (II)
Diisopropylamine (0.14 L, 0.10 kg, 1.0 mol) and 1,3-dibromobenzene {0.12 L, 0.24 kg,

1.0 mol) were consecutively added to a solution of n-butyllithium (1.0 mel) in tetrahydro
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(0.26 kg, 1.0 mol) in tetrahydrofuran (0.5 L) was added. The solvents were
evaporated and the residue dissolved in diethyl ether (1.0 L). After
washing with a 10% aqueous solution of sodium thiosulfate (2x0,1 L), the

worganietayer was dried over sodium sulfate before 5 being BVaEdLatedot®ss

dryness. Upon crystallization from ethangg (1.0 L), colorless platelets 0.33
kg (91%) were obtained; M.P. 99 to 100 C; 'H-NMR (CHCI3, 400 MHz): S

=450 (0 37 $hd IZare5)0.6407) @i 375 801 Mger2H)at CHHEBEZL(36dn8RNiodine

calculated, (%) C 19.92, H 0.84; fo 19.97, H 0,80. 10 Example 2:
kgt ‘%ﬁ%ﬁfi%?b“%%ﬁ\% %F.% Lo Wiy p% iR STypprated and
héxareis(b & ssullyadds defietetbea Solubipm fbrindstibpomit-2-iovoherzensolution
(4. 12 mmol) in djet her (0.18 L), After the solution was stirfed for

O A S Ao B O RS SRR AO HLLE g Detor
réattipovapixtane wak-allswethia attainlRxoovenaciZioperiod) Goldwaleratelets

W dgéjx& the reaction mixture and the organic layer was separated.
Tﬁggg% ou@p %%ée%vzggegktracted with ethyl acetate (2x0.10 L). The

combivfeth dfgeiiic layers were dried over sodium sulfate before being

e 16,0/ romao-1.1'-biphenyl precipitat n freatment.
o i RO L S o eites T30 C. Fhe APbet (6.0 6 S
pUel eprelGit G020 dlmtkated g tions. M. PL 284, {058 CIHPNMR.ECDC13,
400 MHz): S =7.67 (d, J= 8.3 Hz, 4 H), 7.17 (t, J= 8.0 Hz, 2 H). Example
3: 2,2',6-Tribromo-1,1'-biphenyl (IV) 25 At -75 C, butyllithium (0.10 mol) in
hBxangde 302l fad tagerpracal soripishesyl ()

2 2 676 etrakiampnd  thinhenyld{ 44:ants 19 et in detahvdpiwan{Re

ng. Immediately after the addition was completed, methanol (10 mL) was =

adidat BARCaA LRI RAHRG s [T, Hidhet GHhiiE (Brdde) viféer the solution

sepamiecidveldhexpaetlisipper Waklaideaoted \withdieth wathed42 ) d e

L). The combined or nicf& ers were dried over, 30 sodju Ifate befor

oA B AR A LN ha RSN 1 BOPEJ oI 48 e caded t

(Yi9tyRiRroatiisroernd (ie-bighenidas seloitessraéctiesiqueous 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”-tetrabromeo-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 - 215 °C;

'H NMR (CDCl;, 400 MHz): § = 7.67 {d, J=8.3 Hz, 4 H), 7.17 (t, J = 8.0 Hz, 2 H).

Example 3: 2,2° 6-Tribromo-1,1"-biphenyl (IV)

At 75 °C, butyllithium (0.10 mol} in hexanes (52 mL) was added to a solution of
2,2°,6,6 -tetrabromeo-1,1 -biphenyl (47 g, .10 mol) in tetrahydrofuran (0.50 L),
Immediately after the addition was completed, methanol {10 mL) was added and, after
addition of water (0.20 L), the organic phase was separated and the agueous layer was
extracted with diethyl ether (2x0.10 L). The combined organic layers were dried over
sodium sulfate before being evaporated. Crystallization from ethanol (0.50 L) afforded

35 2(91%) 2,2’ ,6-tribromo-1,1 ’-biﬁhenyl as colorless needles;

m.p. 95 to 87 °C;

*H-NMR (CDCl;, 400 MHz): 6 = 7.69 (d, /= 8.1 Hz, 1 H), 7.64 (dd, /= 8.1, 0.7 Hz, 2 H),
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M.P. 95 to 97 C; 'H-NMR (CDC13, 400 MHz): 5 = 7.69 (d, J= 8.1 Hz, | H),
7.64 (dd, J= 8.1, 0.7 Hz, 2 H), WO 2006/002731 PCT/EP2005/006065 16
7.42 (i, J= 7.5, 0.9 Hz, 1 H), 7.29 (ddt, J= 7.8, 1.8, 0.7 Hz, 1 H), 7.18 (dd,

wiidpodG Hz, 1 H), 7.12 (dd, J= 8.1, 0.7 Hz, | H); CI2H7Br2{38088)0s065

calculated (%) C 36.87, H 1.81; found C.36.82, H 1.66. 5 Example 4:
2 ,6-Dibromo-2-methoxy-1,1'-biphenyl (Va;R1= Me) At -75 C, butyllithium

3D o R A P o .

cét@sfécuh@ly’/ irbﬁiéd%ﬂahl@éf’réiﬁ;ﬂdﬂhoxyborane diethyl ether adduct (19
19, 040 10 3 oAgeepus aluen el sadum e
mL) an

Y% aqueous hydrogeén peroxide 10 {10 mL, 3.6 g,’0.10 mol).
The reaction mixture was neutralized with 2.0 M hydrochloric acid (0.10

Ltmgﬁé%agtaﬂmp&e@tayﬁ@@mﬁ%Qéigﬁ%giwgommfm organic

gers were washed with a 10% agueous solution of sodium sulflte (O. 10

tariad overEddhiv Sufdmolnt brapit e shyddldns whtion of
db%%%\z’:@ﬂd' mdiethyl sufexide t@rﬂ@&)@f@@mmdj} mebhanen(h S kodsboutively

c g%tlszﬁd?i?}gﬁﬁ‘& pmasﬁﬂé%%dro %})’? EBS a\%g%ct% %3{5 ﬁng %Q B (2 30M

\é\m@xﬂaete&ﬂowmlﬁ mﬁthylk?)&hex(c%l(aﬁ)—hl) tEITié Wﬁ?ﬂﬁm griectide
aporate Stallizatl

o R e S AL AR Bl YRR T SN0, (hgedohiorie

(GBHOIB, 1860 Ml z)tﬁ@ﬁef? Wit diefzyBethptA3 <R}, W&e JertoBredrpaals layers

N o L

calculated (%) C 45.32, H 2.95; found C 45.32, H 2.85. Exampl
258 et P GERBRESL S ROS S By liR Yo Pl e iprbms i S‘ﬁfwﬂf‘e@ 8L,
R%5:8 Bdosysiehexyls ML 567G, o-hubdishivm4QdlmoldrRrxanesiéfd. g,

mL Was}gf%%%?c%%g%ge t’étgt‘ﬁ% gépagtajm%?v\%aé %g 5% E)Owrgsrn %ged and the product
was exiracted with diethyl ether (3%0.10 L). The organic layers were dried over sodivm
sulfate and evaporated. Crystallization form ethanel (0.10 L) afforded 25 g (72%) as
colotless cubes; |
m.p. 93 te 95 °C;

'-NMR (CDCls, 400 MHz): 6 =7.67 (d,J=8.0Hz, 1 H), 738 (t, /= 7.5 Hz, 1 H), 7.3
(m, 4 ¥, 6.92 (d,/=8.1 Hz, 1 H), 3.73 (5, 3 H);
C13H 10Br20 (342.03): calculated (%) C 45.32, H 2.95; found C 45.32, H 2.85.

Example 5: 2°,6-Bis(dicyclobexylphosphino)-2-methoxy-1,1’-biphenyl! (Ib; R’ = Me,
R? =R’ = cyclohexyl)

At =75 °C, n-butyllithitun (0.10 mol) in hexanes (63 mL) was added to a solution of
compound Va {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
(22 mL, 24 g, 0.10 mo}) in tetrahydrofuran (50 mL), The mixture was aliowed to reach

25 °C and treated with a saturated aqueous solution of ammonium chloride (0.10 L). The
mixiure was extracted with ethyl acetate (3x50 mlL), and the combined organic layers were
dried over sodium suifate. The diphosphine (43 g, 74%)) was obtained after evaporation of

the solvents and crystallization form methanol (0.10 L) as colorless cubes;
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completed, the mixture was treated with a 2.0 M solution of
chlorodicyclohexylphosphine (22 mL, 24 g, 0.10 mol) in tetrahydrofuran
(50 mL). The mixture was allowed to reach 30 25 C and treated with a

weattratert agueous solution of ammonium chloride (0.10 L).sthacmmnisdieisoss

was extracted with ethyl acetate (3 X50 ml.), and the combined organic
layers were dried over sodium sulfate. The diphosphine (43 g, 74%)) was

obtaln &1 ftstgofey 3 atlon of .th solvents and crystallization form
matha % ? sco%?%ssc es; WO 2006/002731

Ptmmmam%eaa MHz)mip: 236 tm 223.Cl (HecComfpasitidn)7. W-8MR: 7.5 Hz,

R AR 05 15 (7 o B B A D 10 G R B2

(rﬁOZﬁ),H) 1.2 (m, 20 H); 5 31P-NMR (CDCI3, 162 MHz): 6 =-9.9 (d, J=

7758 B COPT 418 18 gl 1 o

(ZCBH:EQBS(S?m@hm@}cmlamﬁlﬁhbﬁﬂ@yl)ﬂl%ow@6%@%&@9(%&, Rr

= Me and R2 = cyclohexyl) 10 At -75 C, n-butyllithium (0.10 mol) in

hexanes (63 mL) was added to a solution of compound Va (34 g, 0.10
misEprirRE Ry didrartr{OrBtp Xy Ak e - HinbaaulroR iy cdreptinbdsithine (Via;

ﬁ@ﬂwwgﬁérﬁamgﬂmﬁ@ﬁ 0 M solution of chlorodicyclohexylphosphine
(22 mL, 24 g, 0.10 mol) in tetrahydrofaran (0,10 L). The mixture was

alfdd toreLey BB RS (R Rel Witrsas fimlyaresss namoirsen of
amﬁm@wﬂl chigrde Q2] iEhardhdrikive wﬁs thﬁ&&wﬂﬂﬁﬂibﬁlkms
acetat 10.L), and the combined ers were drie

?e edl g vaﬁeo}ﬁé |on“3%)i'r1‘3 ?he Esijo vzgé%s%an %:rys aﬁlzaflorllc?gr?n a §1p I?LOSphme
WW(QR/B%XQN&Q/QM@E@I@E@@@% 0 )LaffOne el:36rg A9 @blpwed to reach

C%’ HeS3 NEEAIeswiRR: s%QQaE@d]aQ;%e%u} EBM%% é?@%ﬁn@@&ﬂ%&e 020 L). The

7561 (d, J="7.8 Hz, I H), 7.38 79Hz, 1
HyRiRERnE (s Jxtmged with fﬂzfmewm?(a@}wé«}z gt qompipgd ergal(@jlayers were

J3:Bed BZr bbdhur: (RifSe SidpdrdiOM ottt Botl A ind BV B RINMEBm 2 9 1 1
(CDC13, 162 MHz): 6 =-13.8 (S);
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): § = 7.61 (d,/=7.8 Hz, 1 H), 7.38 {t, J=7.9 Hz, 1 H}, 7.33
(t,J=73Hz 1 H),7.21 (dt,J=7.9, 1.5 Hz, 2 H), 7.14 (dd, J= 7.6, 1.8 Hz, 1 H}, 6.96 (d,
J=82Hz 1H),3.72(,3H), 1.7(m, 12H), 1.2 (m, 10 H};

P NMR (CDCls, 162 MHz): & =~13.8 (s);

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

Exampie 7: 6-Dicyciohexylphosphanyl-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 VIa {11 g, 25 mmol) in toluene (0.1 L). After 45 min the mixture was cooled to
—~75 °C and a 1.0 M solution of chlorodiphenylphosphine (4.4 mL, 5.5 g, 25 mmol) in
toluene (25 mL) was added. The mixture was allowed to reach 25 °C. A saturated aqueous
solution of ammonium chioride (50 mL) was added and the organic layer was separated.
The aqueous phase was extracted with ethyl acetate (3x25 mL) and the combined organic

layers were dried over sodium sulfate before being evaporated. Crystallization from
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C25H32BrOP (459.41): caled. (%) C 65.36, H 7.02; found C 65.52, H
7.07. 25 Example 7:
6-Dieyclohexylphosphanyi-2'-diphenylphosphanyl-2-znethoxy-

wib, 2daipizenwy| (tc; Rr = Me, R2 = cyclohexyl and R3 = phenyBdAtEy £95/006065

n-butyllithium (25 mmol) in hexanes (30 {%L) was added to a solution of

compound Vla (11 g, 25 mmol) in toluene (0.1 L). After 45 min the mixture
was cooled to 75 C al. ution of chlorodiphenylphosphine (4.4
nﬁetgagogia%@ %L g?)VFn go%ét?%)r’r\fedsfgéosoﬁn\?vgss cé)(ggc%'l@é)fg ﬂ%ggr)’nixture was

atowedioaédti25 C. A saturated aqueous solution of ammonium

C%%ﬁégﬁﬁ&%w%é it 5@‘?3'1%05%%2‘6%;%9@?@ ﬁ@%ﬁigg 305, 3 H;

aqueous phase Wwas extracted with'ethyl ac X25 m

cOMDINR GIDdhic] iyeiSandre diibd GyersttilRzLiEe bihidrelDdmE);

e rated, Crystallization f 31 PCT/ 065
1@%%‘?3?&5?%%%1 a&é‘\%#@%ﬁ?@iﬁg%&gggﬁggsa c%ﬁ%gr%%%gu es;

m.p. 170 to 171 C; 'H-NMR (CDC13, 400 MHz): S=7.3 (m, 16 H), 6.78

( T (s -;-3(. 7 -;I:.‘ nRifo-2- -
(?,ga:m%% 7%; ?%i% %d? %%ggﬁHz 5 Cgﬂé%ggpg ifé}%ﬁlﬁ%{giﬁ%giﬁciﬁ?a%ééﬁ thoxy
(%) ivdero] g BO-Bin& 7o Bohevl and Barmiiessh(-)- and

(%@'Bl%ﬁﬁ@@ﬁﬁ&k@ﬂ%%%‘&b@&@@%ﬁ@%ﬁﬂﬁ@ﬁefﬁg}&ﬁmﬁm
1,I'viphenyl (Ic; R' = Me, R2 = cyclohexyl and R3 = phenyl) The racenuc

AR ROSB RSB D SRz TAREATE BARSAt DR B ST 20 HBALCEL® OD
chiomatagrapbidisiag: avabiral iatienanophases: T heaelsanisedmasmaterial
CHIRALCEL(r) QD 20 pin, the mobile phase w sn-l—Lept ge/ tOH .
8 81T SRR FEIER -LPDFRgRYospIaas -5 meRioRs-1,1-bighensT
(h)fz@-x%syﬁégo@ﬁxy?, l?mswmwywmmwmaﬁphawﬁ@mmh@@-ﬂﬂhmh‘ e
nyl.a mg of. . . . i .
A e asr s DR RIS R P R v 100%
1 {daiphehlyl WiPle(isolateghaTe ERHRUOARIC SRIFtOgiheticompbenptical
was 100%.15 (measured by HPLC on.a ytic GHIRALCEL(r) OD 10
TR e RS FOtBs S (G B e K 2h 24 (@ = 05
CH2CI2) =-1.4. Example 9: (-)--and _
g’%xésgg%@é;‘é% i ?ﬂﬁ”'}é’-ﬂ%&@%&%&ﬂ‘%y PR%sbrtind RGBT i Renyt (b;
R =Me, R
The separation was performed as described in the example 8. The enantiomeric purity was

99.2% for the {-)-isomer and 96.9% for the (+)-isomer (measured by HPLC on an analytic

= R? = cyclohexyl)

CHIRALCEL® OD 10 um column), the optical rotation of the (+)-isomer is opt (e=0.5
in CHoCh) = 16.4.

Example 10: (R)-Ethyl 3-hydroxybutyrate

In a 15 mL autoclave under argon stmosphere RuCls (1.5 mg, 0.007 mumol}, (-)-ligand Ib
(4.3 mg, 0.007 mmol) and ethy! acetoacetate (0.15 g, 1.1 numol) is dissolved in degassed
ethanol (7 mL). After flushing the autoclave with argon hydrogenation is carried out during
15 h at 50°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, 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%.
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20 The separation was performed as described in the example 8. The
enantiomeric purity was 99.2% for the (-)-isomer and 96.9% for the
(+)-isomer (measured by HPLC on an analytic CHIRALCEL(r) OD 10 m

weolumn)zthe optical rotation of the (+)-isomer is aD24 (¢ = GETIBP2005/606065

CH2C12) = 16.4. 25 Example 10: (R)-Ethyl 3-hydroxybutyrate In a 15 mL
autoclave under argon atmosphere RuCI3 (1.5 mg, 0.007 mmol),

(-):liga K¢ toacetate (0.15¢g, 1.1

mmc%}“% d?slsgﬁ glgrydega%%reggg%ano W#T_ ?After flushing the
alnocldbanitviadore indeo gaxoatidmdsptars 6t Quisdprimyl-4 Soiethy SeCanmgtlichloro-
a%}%%‘hﬂé{ﬁ% B RIBeSre After dé%lﬁ?ﬁ{&f&’% RS gl)ﬂﬂﬁd?’&hyl 4-chloro-

reaction solution 15 directly anal zed by GC for co version (column:

HPoroPwE e (O3 rgnﬁ)oan@oaﬂé rivéé@l\‘/aﬁ Fadeeevith efuet§3atfe abiger flushing

apQygride - enantiomeHs sxeess 6 N kiPodeXFne3 Mt QPR M)at 4 bar
Conversion is 98.3% at an ee of 86.7%. WO 20061002731

P@ﬁ;gmgg@gs%@e&@é%m@%_t{f@;}gﬁqwe the reaction sclution is directly

4-chigred3-Pysirosy bukykate Ny eolbmiraliociave undenar e ce (column:

atmosphere bis( |sopro I-4-methylbenz ne)dlchloro ruthenium (7.5 mg,
O R o0 (1) oS (T TR 0 0L ekl &1 AR 4-chioro-

3-oxobutyrate (0.83 g, 5 0 mmol) is dissolved in degassed ethanol (30

mﬁaAft {%12%%% %tig a§toc e with argon hydrogenation is carried out
daf

durlng Bar” y&rogen pressure. After cooling to room
tdmpéfativenttrriavgation srgoni @hnssgh@@tm(énab}zehﬁm@@tﬁbpmum (2.6 mg,

C@WMK)C? arldlfﬁj(@ b ?rﬁgr@ 6962}@{51 Qﬁtijze 1&0'}3%?&150 acid

25in/0 J?- gonversmn is 100% at an ee of @A amp el
m%%@limﬁ%ﬁmﬁ@vﬁddr&@%wsm@% ﬁ%m@rg%ﬁﬁeaﬁﬁ@igpaéhe autoclave

bigthenzen e)HlyaiHoR N iMLRMGHHE- 099 RAWHL (diganrble (340 gen

mg, 0.006 mmol) and 2-(N-acetylamino) t§'mnam|c acid (0.53 g, 2.5 mmol

iPIRESEBR T Hg‘é%%g’dfﬁ?@rﬁ%i%? eﬂﬁaeﬁhfraswﬁa%éﬂ SVBeraisd and the
Wi 8iig @naiyedoige FERtlian fig eesimadlau(dﬂmﬁg Eadarairei:onanil m@@ggatﬁd enan-

}/droghecrlmlige res cﬁure A é‘%% c oI| Rﬁ)nbtem erature, Jé% reacégo{gl

fions evap Fated and the fasidiie a alyggd nver

(column Bischoff Kromasil 100 C8) and enan-

Example 13: (§)-2-Acetylamino-3-phenyl-propionic acid methyl ester -
In a 15 mL autoclave in an argon atmosphere bis(1,5-cyclooctadiene)-rhodium(I)
tetrafluoroborate (1.9 mg, 0.005 mmol), (+)-ligand Ic (2.8 mg, 0.005 mmol) and methy!
Z-(N-acetylamino)-cinnamate (0.10 g, 0.5 mmol) is dissolved in degassed methanol
(6 mL). After fiushing 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 14: {§)-N-Benzyl-1-phenylethylamine

In a 15 mL autoclave in an argon atmosphere bis(1,5-cyclooctadiene)-di(iridium(T)di-
chloride) 98% (6.7 mg, 0.010 mmuol), (+)-ligand Ic (5.7 mg, 0.010 mmol), benzylamine
(5.6 mg, 0.052 fﬁmol) and N-benzyl-N-(1-phenylethylidene)amine (0.21 g, 1.0 mmol) is

dissolved in degassed methanol (5 mL) and stirred for 1h at room temperature. After
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tiomeric excess (column: Nucleodex Beta-PM). Conversion is 34% at an
ee of 66%. Example 13: (S)-2-Acetylamino-3-phenyl-propionie acid
methyl ester 20 In a 15 mL autoclave in an argon atmosphere

whig(dsmaayelooctadiene)-rliodium.(l) tetrafluoroborate (1.9 me;OEIQBRS006065

mmol), (+)-ligand Ic (2.8 mg, 0.005 mmq %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 hydrogenatign §
UG e HFHUETS ik RS TS H ARG bt RgD 1 ond t
covliagitpiropm teespecaihertheticastio @5 solttidy isdyaporated amdonversion
the resid ysed by, HPLC for. conversion (column;: Bischaff. Kromasil
i pa iR S R
Oz BervRiMiON'1$U/0D Ycay envioe iofl 0878 % ESaM P L4:
(S)-N-Benzyl-I-phenylethylamine 30 In a 15 mL autoclave in an argon
atmosphere bis(1,5-cyclooctadiene)-di(iridium(l)di- chloride) 98% (6.7 mg,
Olozouphntly, (H-Rgantiug (&:hiy©18ae mmol), benzylamine (5.6 mg,

Oflsd ,@Hﬁ@lké&%’%}ﬁ?@ﬁ&!ﬁ%ﬂ@é}@&%ﬂ@%%ﬂ%@?)Q%%?d@e%%—léi-)oand ligand

mmol) is “dissolved in degassed methanal (5 mL) and stirred for Ih at room
B ARG IO ST P S DE /EP ASESTO065 220 fRENMEL 2o
tf&g@@t@%@@g&mmmmwﬁm@m @L@d@xﬁ@é@@/&l)}ﬂ. plug‘,rrgghéﬂ?oay 8QdGed via
and at 50 bar rogen pressure. The reactjon solution is direct i
S BB STY BHTH G e B B ORSFS adurog 15

epaltioMmerdczeX tess (dalgonirddachelay dageh dNintleodekBetad@Mysed by GC
CLC200/4). Conversion i % at a of 10%,. 15; )
(ORI ! RTL T B e sARISHIRE, g (ot
téviatheorpiinate TudendeOiBOSMhISN2AAH lidaeny etsipnciyd Mingt tnoest 30%.
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

adidsmplia b FHkteetind mrtlrlss R tutoclave with argon,

hygsagenationdadeninehostuehinedadbrabadie@ndsai 2.bes hydsngen
pressure. The reaction solution is directly analysed big GC for conversion

(Colchrnd fb.PoA 28 (916 ) L i Skt d e - rgass(dBfipo! m @ 15 mk

autociave under argon atmosphere. Dimethy] itaconate (97%, 0.15 g, 0.9 mmol) is added

via syringe. After flushing the autoclave with-argon, hydfo genation is carried out during
15 h at 23 °C and at 2 bar hydrogen pressure. The reaction selution 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 60% at an ee of 24%,
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Macherey-Nagel, Nucleodex Beta-PM CC200/4). Conversion is 100% at
an ee of 30%. 15 Example 16: (R)-Dimethyl methylsuecinate
Bis(1,5-cyclooctadiene)-rhodium(1) tetrafluoroborate (2.1 mg, 0.005

wimpoodjoard1 (-)-ligand Ib (3.2 mg, 0.006 mmol) are dissolvedrnTEmhes/coco6s

degassed methanol in a 15 mL autocla\ée1 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 20

15823 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 (columm; | -PM.
R e S R e e S s

PCT/EiP2e651088065 21 Claims 1. A process for the preparation of

asymmetrically substituted piraryldiphosphine ligands of the formula, 5 R\

0 10 (R")2P P(R3)2 wherein Riis Cl-6-allcyl or C3-10-cycloalkyl optionally

substituted with one or more f[alogen atoms, and R2 and R3 are equal

r 15 R2 is C1 -alkyl or

onally; substituted with one or more

substituents selected fro group cossisting of halogen a{oms, nitro,

amino, Cl.6-alkyl, CL6-alk?§l and di:Cl-6-alkylamino groups, and each

Cl-6-alkyl, Cl.6-alkoxy, di&18alk§{&mino and Cs-10-cycloalkyl group in

R2 and R3 optionally being substituted with one or more halogen atoms,

20 compeisiingra fir &t reaktibor $aquendealiviierpimanly Isnbstirred o fromer more

2:26.0iSH8--RImaRipheny!

R* and R® are equal and are Cs.jg-cycloalkyl or Cyg-alkyl,

or

R*is C, s-alkyl or Cs.jp-cycloalkyl, and R%is ary! optionally substituted with one or
more substifuents selected from the group consisting of halogen atoms, nitre, amine,
Cl.s-éikyl, Cy.¢-alkoxy and di-C.¢-alkylamino groups, and

each Cjg-alkyl, Cy.¢-alkoxy, di-C,¢-alkylamino and Cs.i¢-cycloalkyl group in R? and

R? optionally being substituted with one or more halogen atoms,

comprising a first reaction sequence, wherein one bromine atom from 2,2°,6,6 -tetra-

bromobiphenyl

Br Br

Br Br

is exchanged with hydrogen by bromine-metal exchange and subsequent metal-

hydrogen exchange by reaction with a proton donor, to afford a compound of formula
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Br Br 25 C O Ill Br Br is exchanged with hydrogen by bromine-metal
exchange and subsequent metal- hydrogen exchange by reaction with a
proton donor, to afford a compound of formula 30 22 Br IV, 5 Br Br and
a second reaction sequence, wherein ongbromine atom of the aromatic
moiety of the compound of formula IV containing two bromines is
exchanged with OR, by bromine-metal exchange and subsequent
metal-hydroxy exchange, follged by an alkvl.ation, to afford a compound
of formula 10 RI 0 V 15 ~Br whereif=R' is as defined above, and further
reaction sequences, @ C @c sequence comprisesigt least
one bromine-metal exchange Subséquent metal-phophine exchange

with the respective phosphing, thefeby exchanging the respective
bromine atom with a diaryl 207 phino, di-Cs_1o-cycloalkylphosphino or

di-Ci_6-alkylphasphino group. 2. The process of claim 1, wherein the )
oromTRE-etal S ERa Yo S IFE- SO BE TBHALRS LR ELAMEATTHRoiesy of
one ehivatgntof nhistylithiivh @heiemperatieniialovs $QGnae3» ThOR ' by

process of clalryts 1 or. 2, wherein the proton q%?}?ér{ ég select%d fro e

h
groupr%lgﬁ%?éﬁngalo?%h@%(fcao 1RO RVEHST B Ny iforgase P@)}[%‘ﬁed by an

acidglpdtion, to afford a compound of formula

i

R\
O
Q O V
‘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-phophine exchange with the
respective phosphine, thereby exchanging the respective bromine atom with a diaryl-

phosphine, di-Cs_jp-cycloalkylphosphino or di-C.¢-alkyiphosphino group.

2. The process of claim 1, wherein the bromine-metal exchange of the compound of

formula III is carried out with one equivalent of n-butyllithium at a temperature

below ~4{ °C,

3. The process of claims 1 or 2, wherein the proton donor is selected from the group

consisting of Cy_3-alcohols, water, non-oxidizing inorganic proton acids, and

C;.z-alkanoic acids.

4. The process of any of claims 1 to 3, wherein the bromine —metal exchange of the

second reaction sequence is carried out with one equivalent of n-butyllithium at a
temperature below —40 °C, the metal-hydroxy exchange is carried out with a borane

or organoborate and subsequent reaction with a peroxy compound in the presence of
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C1_3-alkanoic acids. 30 4. The process of any of claims Ito 3, wherein the
bromine -metal exchange of the second reaction sequence is carried out
with one equivalent of n-butyllithium at a temperature below -40 C, the

wmetadAuedsoxy exchange is carried out with a borane or organobexmtecanes

subsequent reaction with a peroxy comaqund in the presence of WO
2006/002731 PCT/EP2005/006065 23 ah alkali and/or earth alkali

hydroxide, and the alkylation is carried out with an .alkylating agent.in the
preseﬁ%g%%haﬁ soé.egg?ﬁgg%@ 8] GCIEél}“'llrd::¥ he W 1rg‘leéficr%ﬁt Sec%gr%ﬁ%ugwttﬁ an
organelhglatieg isfinciroinethesepbordner Beethyl ether adduct,
triisopropylborate or trimethylborate. 6. The process of claims 4 or 5,

wherein the peroxy compound is selected from the group consisting of
h§drodbn perexidd chréradetiberein fia ko pepbesnebierseidsdhgromethoxyborane

tent-bufyl nydropgsoxida; b8/ p b RIGessRlamfclaims 4 to 6,
whereln the alkylating agent is a C1.6-alkyl halide, a C5-lo-cycloalkyl

halide or dimethyl sulfate. 8. The process of any of claims 1 to 7, wherein

agfurtharspactian.seauanas,isscanios Pl Hastatingsmthithagemeaund the
of formula V, comprising a low temperature bromine- meta exch%nge of

the re REHRIREPBIGIERE BHIFIEBIRAE T8 BB SR mtina P gRg Penzote acid and
subsegyeritnetal-phasphine exchange, to afford a compound of formula

RI0 20 0-N) (R2)2P P(R3)2 wherein Rl is CI-6-alkyl or C3-10-cycloalky!l
optionally substituted with one or more 25 halogen atoms, and R2 and R3

ave edlisd podeareChy b dyisal kyl OwBi-@ralky hllofating agent is a Cy.g-alkyl

halide, a Cs.jg-cycloalkyl halide or dimethyl sulfate.

8. The process of any of claims | to 7, wherein a further reaction sequence is carried out
starting with the compound of formula V, comprising a low temperature bromine-
metal exchange of the remaining bromine atoms of the compound of formula V and

subsequent metal-phosphine exchange, to afford a compound of formula

®R,P PR,
wherein R! is Cy¢-alkyl or Cs.p-cycloalkyl optionally substituted with one or more
halogen atoms, and
R? and R* are equal and are Cs_jo-cycloalicyl or Cy.¢-alkyl,
or
R? is Cs.jo-cycloalkyl or Cye-alkyl, and R is aryl optionally substituted with one or
more substituents selected from the group consisting of halogen afoms, nitro, amino,
Cr.g-alkyl, C1,5~aikoicy and di-C.g-alkylamino groups,
and each Cy.¢-alkyl, C.¢-alkoxy, di-C;.¢-alkylamino and Cs.jg-cycloalkyl group in R*

and R? optionally being substituted with one or more halogen atoms.
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R2 is C5-10-cycloalkyl or C1-6-alkyl, and R3 is aryl optionally substituted

with one or more substituents selected from the group consisting of

halogen atoms, nitro, amino, 30 Cl_6-alkyl, Cl_6-alkoxy and

di-Cl-6-alkylamino groups, and each CI_Btalkyl, Cl-6-alkoxy,

di-C1-6-alkylamino and C5_to-cycloalkyl group in R2 and R3 optionally

beingray babitete & vy aneIghNoNe halonari AP Ml r&chibs RURRSRE Rf carried out

any of claims 1 to 7, wherein a further reaction sequence is carried out

startitg R OO SEIRRIDET RS AT, \CoTpREING 2 a 00 EFrRSFatte bromine-metal
broménenmgtab fxd Baes:ef Ao BrapyReyaianHf the@iMIPMRWR ' substituent and

containing the OR' substituent and_ metal-phosphine exchange, to afford a
comﬁ%‘iiﬁ%Pé‘Pﬁ?ﬁHEﬁﬁ%c}??’%ﬁeéfoa 96 GRTPOVRE WHEFBHR L is as
defined above and wherein R2 is C5_10-cycloalkyl or Cl_6-alkyl, the
C5.10-cycloalkyl or Cl.6-all&A groups in R2 optionally being substituted
with one or more halogen atogs, followed by a bromine-metal exchange

defined above, and R3 is-ary option substituted with one or more
substituents selected fro 1#1%, grgyf:) consisting of halogen atoms, nitro,
25 amino, Cl.6-alkyl, Cl.6-alkoxy and di-C,6-alkylamino groups, and each
Ci_6wailleytiiOR ' Gealk dxfhanithbli-Gl abdalydasmiiy in B3, optickallybeing ¢-alkyl, the
bstituted with I t :
Subs sl:ls()e-cyc Ioall??leo(r)%m%rlﬁy ag% ?)g 1% mgptionaliy being substituted with one or
more halogen atoms,
followed by a bromine-metal exchange of the remaining bromine atom and
subsequent high temperature metal-phosphine exchange with a diarylphosphino

substituent, to afford ligands of formula
1

R\
0

() :

®RY),P PR,

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;g-alkyl, C,4-alkoxy and di-C, ¢-alkylamino groups, and each C) ¢-alkyl,
Ci.¢-alkoxy and di-C-alkylamino in R? optionally being substituted with one or

more halogen atoms.

10. The process of claims 8 or 9, wherein each low temperature bromine-metal exchange
is carried out with an organometaliic compound at a temperature below —~40 °C,

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



10. The process of claims 8 or 9, wherein each low temperature
bromine-metal exchange 30 is carried out with an organometallic
compound at a temperature below -40 C, preferably in the range of -60 to
w®6/0WD:12006/002731 PCT/P+ P2005/006065 25 11. Thexareesss /afcoss
claims 8 or 9, wherein the high temperatiye bromine-metal exchange is
carried out with n-butyllithium or tent-butyllithium at a temperature of at

IiEﬁt O %}E)%E%Ea&l Y408 FRRYGRLRIARAD S tarRratiie BFOCESS AEA Wk change

of claims 1 to 11, wherein the metal-phosphine exchange is carried out
using # PrfepshepFive drhdisamRE servhutrlithivnohe FemPRISUER Rirfh oast
bromipe@ripding.ang %@{&%gggbq@ci@@cﬁz or R3, wherein R2 and R3
are as definded above. 13. The process of claim 12, wherein

halophosphine of the formula VIl is selected from the group consisting

ofhalodidGRtasewalealieyiinho spbinessassRalediaphies 25 RhiRgsnge is

5
preferably is selected from the group consjsting of
chIoro%ﬁ%&%??%ﬁ@éam%@%‘f%ﬁﬁm‘gﬁyiphosphine,
chlorodiphenylphosphine or lsromodiphenyl- phosphine.
. - F
P VI,
7 R
10 wherein X is chlorine, bromine or iodine and R are equal and are R or R, wherein
R? and R’ are as definded above.
13. The process of claim 12, wherein halophosphine of the formula VII is selected from
the group consisting of halodi-(Cs.jp-cycloalkyl)phosphines and halodiarylphos-
15 phines, preferably is selected from the group consisting of chlorodicyclohexylphos-

phine, bromodicyciohexylphosphine, chlorodiphenylphosphine or bromodiphenyi-
phosphine.



