10

15

20

25

30

WO 2006/002729 PCT/EP2005/006063 1 Process for the preparation of
asymmetrically substituted biaryldiphosphines Preparation of
enantiomerically pure compounds is important to improve the effect of

W&é%&%ﬁ%ically active compounds and to restrict unwantebfide Bfregaves

of the "wrong" 5 isomers. The invention rglates to a process for the
preparation of asymmetrically substituted biaryldiphosphine ligands and

trapsitiQrysreial mepaisnes trawaldeuiRaniydiraenation ol unsaiNmaads
prochiral compounds using said complexes. Asymmetric catalytic
hydrogenation is one of the most efficient and convenient methods 10 for

pEepsinga WieenaogritLivaniio taatioaid Pisrenpompotndapirevidingect of

methods for tq recise control of lecular chirality of.npha ce
ALNBoCTENCE.

ical ”
e R TR O 1 o RS 20 B e B g rome
inpoartan titelénvesiinthelidcsHe mistnasSovdhal iphosphné dyandetamnilips
are.G ly known ith thei e Qr ex | INAP s
R 0 R A R AR o IR S Bt e
fdrvdre gsraparatiomedtisiaing dislbs phivetiyadd S o gaiB IARLSEGPHOS
and TUNAPHOS families are disclosed in EP-A-025 663, EP-A-850945

and WO-A-01/21625, respectively. Furthermore WO-A-03/029259
didersBstacsahis S pia iR berk atite Brgetipi and savstey pghods

INFR scharfag Qlwide Lot taHe2002 pids &i859:810 92 BRe 1B Qhethods for the

methylenedioxo and, ethylenedioxo substituted, biaryldiphosphine ligands

O RTE SR S TNt SRR BF PARRPASUHIY RS 8% SRR AURgsignd compounds
deseabbendsut htryexaimesifolthepiepm tafiom of hikeldhahdsphBesral

and asymmeitric hydrogenation reactions usin lysts derived from
R S S S i GBS R b gyt
48NS, ARHITEFRE QS BY BRI U8 SESIRES i aret T8 AN BHES.

unsymmetrically substituted biaryldiphosphines are claimed, though only
examples of symmetrically substituted ligands are disclosed. With only
felfeshrssifier dhe ppmersionorfbiseyiizhnsnbins diggnsnefitiediiidAg, SEGPHOS and
uRsypettisaiysiub st s fiaryidipbespiings and calalysts darived a-01/21625,
therefrom is disclosed. ) ] ) o
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 syminetrically and unsymmetrically substituted biaryldiphosphines are
claimed, though only eﬁamples 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
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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
hos hine groups with voluminous substituents to complex a transition
rﬂé?gﬁ%ﬁ&%n examples of ligand systems CONFIRMATIO
2006/002729 PCT/EP2005/006063 2 haye symmetric substitution
patterns of the core and identical phosphine groups. As a rare example

%@s%ﬁ%%%wmwmmﬂ@ byeage Eﬁiﬁlﬂz@%ﬁﬂﬁﬁhﬂ&&ﬂ@ﬁp&. Asarare

3- OXObUt usin st containin
ORI LB S 3R SRy A RPN higro
(3)@16@ﬁt¢a& qtsiagnedawmmmm@mengaﬁdqstméém)cwﬂ?&ﬁwnzo—

E 47 48 a d 02/4049 hi o
S G0 MRt b A 00 B g sima
principidseard $ifsuitable to produce a broad variety of different

asymmetrically substituted biaryyldiphosphine ligands. 10 For the

synthesis of the inventive asymmetric biaryldiphosphines a major obstacle
haﬁfté -beA3GERoohE Al HBIdeAP iBineinboEPings With asymmetrically substituted

Iphenyiphaspbinesz-ithigpheny hﬂ@?%@ax@%@%ﬂ@%%@@@a broad

falle to yield an asymmetrically substituted biar Idlphosphlne b
cofeishcelibvam o sesyraceHiorBerBiganishd fit, if a

single fluorine, 15 chlorine or bromine atom or a smgle methoxy or
dlmethylamlno grou was attached to the 6 jtion amoto T.K

IF G O R CICHEIT 156 S575 1 PR DA B R gs e bad o

J. @W@hs@hpﬂted%ﬁc@ﬂ@ 254)y Phdiphanphindshimdeigbinticlemyl genera-
phl substl ut|o Qrus atom and o iphosohine b
IH L8 Zan[%ﬂ In%logg %@ an as AECEN %@8&{% ;gc?éﬁi 1% osphine by

ospha uorene). nown unsucc

apqmmbmmm amvmwekﬁgadmmlmmmm@emiﬁé ginggdigorine,
Helg and &%ﬁﬁ?%%&ﬁbgﬁg &0 ﬁ%@ﬂ%%ﬁﬂ%ﬁrﬁﬂ@%ﬁﬁ Gras attached fo the

comprises optica active compoun s with an enantiomeric excess

(ee)
of@pt@amrgmmzstw&éia%ﬁhefe@wém%éffé% 19803 Ll 2; Desponds, 0.,
reRIeRRELE Mlined,onyARLeLAlkYoarayp, 257). The compounds undergo nucleo-

philic substitution at the phosphorus atom and cyclization to afford 1H-benzo [biphosph-

G063

indole (9-phosphafiuorene). Known unsuccessful 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 “Cy.-alky!l” represents & linear or branched alkyl group
having 1 to n carbon atoms. Cy.¢-alkyl represents for example methyl, ethyl, propyl,

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

Here and hereinbelow the term “Ci.p-alkoxy” represents a linear or branched alkoxy group
having 1 to 1 carbon atoms. Cy.s-atkoxy represents for example methoxy, ethoxy, propoxy,

isopropoxy, butoxy, isobutoxy, sec-butoxy, fert-butoxy, pentyloxy and hexyloxy.



having | to n carbon atoms. C1 -alkyl represents for example methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl and hexyl.
Here and hereinbelow the term "Cl., alkoxy' represents a linear or

Wi Aheney 'éslkoxy group 30 having 1 to n carbon atoms. C1 %CTfEEmGW%%?’
represents for example methoxy, ethoxyzpropoxy, isopropoxy, butoxy,
isobutoxy, sec-butoxy, tert-butoxy, pentyloxy and hexyloxy. WO
2Q06/0027 20 R HER2F/006RG3 23y Behemell: ddbsieagssiiilosphine ligands,
approaches to asymmetrically substiguted diphosphine ligands. XX X 5
Br P(C6H5)2 Li Li (H5C6)2P Br X O Li P(C6H5)2 (H5C6)2P '

C5-ro- cyﬁlda@gwsyzepresents mono- andLlponcyCHC ring systéms;stickas
cyclopentyl, eyclohexyl, cycloheptyl, eye\ooctyl adamantyl or,norbornyl.
25 Here and heéxeinbelow the term "C3- cixcloalkoxy” rep;a;(n?s a
cycloalkoxy :Emavmg 3 tg'n carbon atoms. C5-io-cyéloalkyl
represents for example cyciopentyloxy, cyclohexyloxy, cycloheptyloxy,
cyclooctyloxy or cyclodecyloxy. Here and hereinbglow the term

prlsmg two
Cl-6-alkyl-

G

N-ethyl- N-methylaminp, P{@pesﬂayl-N-propyI&mgmgpé I\[f-:ethyl-N-hexyIamino

or N,N-dihexylamino. PR,CI
PR};I)\( \ L]
. X
; o0 OO

RP  PCH), 1 (HC),P PR,
c

T

63

with X = H, F, Cl, Br, OCHj3, N(CHz)z
20

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

3 to n carbon atoms. Cs_m-cycioalkyi represents mono- and polycyclic ring systems such as

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

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

eyclohexyloxy, cycloheptyloxy, cyclooctyloxy or cyclodecyloxy.

Here and hereinbelow the term “di-Cr.g-alkylamino™ represents a dialkylamino group

30 comprising two alkyl moieties independently having 1 to 6 carbon atoms. Di-Cpg-alkyi-
amino represents for example N, N-dimethylamino, N,N-diethylamino, N-ethyl-
N-methylamino, N-methyl-N-propylamino, N-ethyl-NV-hexylamino or N, N-dihexylamino.



WO 2006/002729 PCT/EP20051006063 4 Here and hereinbelow the
term "aryl" represents an aromatic group, preferably phenyl or naphthyl

woptisrigtiizbeing further substituted with one or more halogeOTEBPIE/#1it63

10

and/or amino groups, and/or optionally gubstituted C1-6-alkyl,
C1-6-alkoxy or di-C1-6-alkylamino groups. 5 Here and hereinbelow the
term "C1.. aleghols” represent hanol, ethanol, propanal an

0l SR S O AR R RRR oty st o

repredehepionily bejieg frdtic adisiinednity rsanciomadisdoSarrtidetingro and/or
t%ﬁ@%&&;%g?&%@&tr {RARILGIRALACHR! OLRIZNNESHL AW, o-aliylamine
catalysts, great effort Is spént to improve selettivity and €fficiency of

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

present invention was to provide a method for the tailored synthesis of a
SErEepidaRrIpRYsHRies Arartirolplobisrtehoadhrealvizang, propancl and
establistherid process in a robust manner to provide suitable amounts of
ligands for the pharmaceutical industry. Furthermore, the general concept
should start with an easily 20 available compound and should contain few
repetienisiepmaliowing tthe synthstisofcacivde saeabtobligines d omdtic acid
depend ng on the reaction sequence. 4a Summary of Invention In a first
a%%e%?if Je ?‘s?lgfovided a process for the preparation of asymmetrically

substituted biaryldiphosphine ligands of the formula R O (R")2P P(R3)2

a8 Ol 95 Aol B BRI AU TS e,
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one or mo
great effort is spent to improve selectivity and efficiency of artificial catalysts, particularly

for the production of pharmaceuticaﬂy’ interssting compounds.

The technical problem to be solved by the present invention was o provide a method for
the tailored synthesis of a series of biaryldiphosphines. A further problem to be solved was
to establish said process in 2 robust manner to provide suitable amounts of ligands for the
pharmaceutical indusiry. Furthermore, the general concept should start with an eaéily
available compound and should contain few reaction steps, allowing the synthesis of a

wide variety of ligands, only dependiﬁg on the reaction sequence.



halogen atoms, and R2 and R3 are independently selected from the group
consisting of aryl, Cs_to-cycloalkyl and C_6-alkyl, wherein each aryl
moiety is optionally substituted with one or more substituents selected
from the group consisting of halogen atoms, nitro, amino, C1 6-alkyl,
C-6-alkoxy and di-Ci_6-alkylamino groups, and each CI 6-alkyl,
C16-alkoxy, di- C-6-alkylamino and C5_10-cycloalkyi group in R 2 and R3
optionally being substituted with one or more halogen atoms, comprising
a first reaction sequence, wherein off& bromine atom of

Sud b @fteivakiomo- biphenyl Br Br Il Br Br is exchanged with OR' by

n me xchange an ubse uent I-hydroxy. exchange, .
I f%l#o e&SBeCang ela?u? ?ior a c%sr% (c)‘)ur{;@le ﬁe fmu 8“45) S(%ng‘?%mﬁ?uy
SukBthed/haIefﬂmR’lmsmdémaedb@lﬁ@vefcandla second reaction sequence,
wherein one bromine atom of each aryl moiety of the compound of
formula IV is exchangediuith iodine by halogen-metal exchange and
subsequent metal-iodine%ange, to afford a compound of formula R1 O
Br V | and further reaction equences wherein each reaction sequence

comprises at least ong' halpgen-netal exchange and subseguent
metal-substituent ex /Wi he r/e spective

2 3
R7.P PR,

wherein R’ is Cg-alkyl or Ciig-cycloalky! optionally substituted with one or more
halogen atoms, and

R? and R are independently selected from the group consisting of aryl, Cs.jo-cycloalkyl
and Cig-alkyl, wherein each aryl moiety is optionally substituted with one or more
substituents selected from the group consisting of halogen atoms, nitro, amine, C,.s-alkyl,
Cig-alkoxy and di-Ci¢-alkylamino groups, and each C s-alkyl, Cigs-alkoxy, di-
Cy¢-alkylamino and Cs_jg-cycloallkyt 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"-tetrabromo-

biphenyl

Br Br

Br Br

is exchanged with OR! by halogen-metal exchange and subsequent metal-hydroxy

exchange, followed by an alkylation, to afford a compound of formula



substituent, thereby exchanging the respective bromine atoms with
substituents selected from the group consisting of hydrogen and
diarylphosphino, di-C-6-alkylphosphino and
di-C5_10-cycloalkylphosphino. In a second aspect, there is provided
compounds of formula R\ O (R2)2P P(3)2 4c wherein Ri is Ci_6-alkyl or
C3_lo-cycloalkyl optionally substituted with one or more halogen atoms,
and R2 and R3 are independently setected from the group consisting of
aryl, C5_10-cycloalkyl and C1-6-alkyl, wherein each aryl moiety is
optionally substituted with one or more substituents selected from the
group consisting of haloggh atoms, nitro, amino, C1.6-alkyl, C-6-alkoxy
and di-C-6-alkylamino grou\pé, 1,d each C15-alkyl, C1.6-alkoxy, di-
Ci_6-alkylamino and Cs.lo-Cycloalkyl group in R2 and R3 optionally being
substituted with one o toms. In a third aspect, there is
provided compounds G BrV 11 wherein R' is Ci.6-alkyl or
C3_lo-cycloalkyl optionaity hted
In a fourth aspect, there is prgviged compounds of formula R" O Br Vt. |
P(R3), wherein R' is C1_6-alkyl or C3_10-cycloalkyl optionally being

wheHBs Ruted with a8 grmore

and a second reaction sequence, wherein one bromine atom of each aryl moiety of the

compound of formula IV is exchanged with iodine by halogen-metal exchange and

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

R\

O Br
(=) )
I 1
and further reaction sequences, wherein each reaction sequence comprises at least one
halogen-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 and diaryiphosphino, di-C;4-alkylphosphino and
di-Cs.;g~cycloalkyiphosphino.

In a second aspect, there is provided compounds of formula

R\

0
Q O I’

®RH),P PR,



halogen atoms, and R3 is selected from the group consisting of aryl,
C5_1lo-cycloalkyl and C1_6-alkyl, wherein 4d each aryl moiety is
optionally substituted with one or more substituents selected from the
group consisting of halogen atoms, nitro, amino, Ci 6-alkyl, C1_6-alkoxy
and di-C7.6-alkyl- amino groups, and each CI-6-alkyl, Cl.6-alkoxy,
di-C1_6-alkylamino and C,;.io-cycloalkyl group in R3 optionally being
substituted with one or more halogencatoms. In a fifth aspect, there is

pravided compounds of formula, R Br VI, (R)2P P(R3)z wherein R'is
e L A by ety A L o SHLE b Gy P
halbatogesatams, and R2 and R3 are independently selected from the group

consisting of aryl, Cs_io-cycloalkyl and Ci_6-alkyl, wherein each aryl

. moiety is optionally substituted with one or more substituents selected
R” frofnRhergiodependsisiirglof halbgentiat@rmsimitrosiatininof @ivie@lkylgycloalkyl
-a y i-Cl.6:a ' rQUPS; e -1 6-al

T e T B A RLReE M one o mpre
subsgtismaliselsetag Sopstwigserithr SFEe rifore Tl otors atoms amizp sixth-alkyl,

. a3pesly there s RroVidedialze aheaRPoMRAsOiformulaR\CO (R&Q2P  di.
P(R3)z wherein R"is Ci_6-alkyl or C3.0-cycloalkyl optionally substitute

Crithk DABIBP AisHE shefog& k0o URAR BeartbRa mpiesdhe batesoheidntsd with

onselagted framdhergraup consisting of aryl, Csao-cycloalkyl and
Cp_6-alkyl, wherein each aryl moiety is optionally substituted with one or

more
In a third aspect, there is provided compounds of formula

wherein R' is Cg-alky]l or Ci.jp-cycloalkyl optionally substituted with one or more

halogen atoms.

In a fourth aspect, there is provided compounds of formula

R
O Br

Q O Vi
1 PR,

wherein R' is Cy¢-alkyl or Cs.jg-cycloalkyl optionaliy being substituted with one or more
halogen atoms, and

R? is selected from the group consisting of aryl, Cs.jp-cycloalkyl and C,¢-alkyl, wherein



substituents selected from the group consisting of halogen atoms, nitro,
amino, Cl_6-alkyl, Ci_6-alkoxy and di-CIl_6-alkylamino groups, and each
C1_6-alkyl, Ci_6-alkoxy, di- ClI 6-alkylamino and Cs_1o-cycloalkyl group
in R2 and R3 optionally being substituted with one or more halogen
atoms, for the preparation of catalytic active complexes of transition
metals, preferably of ruthenium, rhodium or iridium. Detailed Disclosure of
Embodiments The problem could beggolved according to the process of
1. Provided js a process for the preparation of asymmetrically
ca ?J |ﬂ]?é%“bléﬂﬁafﬂ}ﬁ%%pﬁ%%‘“ﬁﬁ&ﬁﬂ%ho‘f%elfm%Fé“ﬁ‘@‘e{ﬁs)gf}ffﬁ@@)ﬁvvﬁhe
gr2QGI002T7D PGTIUER 2005608606 3nfnuereiniR 1 is ClaBalkvART di-C, -alkyl-
C3 to-cycloalkyl opti naII bstituted Wlt% e of more halogen atoms,
% arg |§ ge(;ﬂy tﬁé?é%’te gg SETB0D ¥ g}gfiha'SlPaikyl
grcmg/lp@é dmoyelbaﬂqdlgemﬁcﬁhﬁeaﬂvw}; witeseineadhlagyhnoiaty is
optionally substituted with one or more 5 substituents selected from the
group consisting of halogen atoms, nitro, amino, C1.6-alkyl, Cl.6-alkoxy
In afidtel kORG- alkytaimimovigolipsnandndach (Ghduklkyl, Cl.6-alkoxy,
di-Cl.6-alkyl- amino and Cf! to-cycloalkyl group in R2 and R3 optionally
being substituted with one 8}\ more halogen atoms, 10 comprising a first
reaction sequence, wherein o"-' iomine atom of 2,2',6,6'-tetrabromo-
bipheny!l Br Br\ /11l 15 anged with OR' by halogen-metal
exchange and subseqgent m ‘ v

R,P PR,

wherein R is Cis-alkyl or Cso-cycloalky! optionally being substituted with one or more
halogen atoms, and

R* and R’ are independently selected from the group consisting of aryl, Cs g-cycioalkyl
and Cig-alkyl, wherein each aryl moiety is optionally substituted with one or more
substituents selected from the group consisting of halogen atoms, nitro, amino, C;4-alkyl,
Cre-alkoxy and di-Ci¢-alkylamino groups, and ecach Cig-alkyl. C¢-alkoxy, di-
C ¢-alkylamino and Cs. o-cycloalkyl group in R* and R® optionally being substituted with

one or more halogen atoms.

In a sixth aspect, there is provided a use of compounds of formula I,

1

R\

®HP PR,
wherein R' 1s Cjg-alkyl or Cse-cycioalky! optionally substituted with one or more

halogen atoms, and



exchange, followed by an alkylation, to afford a compound of formula 20
R\ O Br 0-0 IV Br Br 25 wherein R1 is as defined above, and a second
reaction sequence, wherein one bromine atom of each aryl moiety of the
compound of formula IV is exchanged with iodine by halogen-metal
exchange and subsequent metal-iodine exchange, to afford a compound
of formula 30 O Br |1 WO 2006/002729 PCTIEP2005/006063 6 and
further reaction sequences whereinggach reaction sequence comprises at

Iea ene h xch d subsequent. me tituent
G (ARG PS5O P TG e e s P o<y eloat
- ande@peathe halegen aml’nsnprlrtlmemnstntueptmsel@c@ﬁstfmomdthex@rmnp or more
nsrs in ofh dra Iphos ino k phrno an
Subc? ﬁos% coa(i %ﬁg% “thed grorﬁfr?eaﬁ%fe?e% ang%sa%lenr{i\'troﬁéc? f,
G maﬁhemyrsmdt |dv€nisr@ﬂiq§rialyrb®cmegsomnﬁ|tr¢adhe Eequarezﬁ,arﬁomﬁmxuhe di-
S R T S G N RS

emperature bromine-meta or at a temperature ofat last O

ong Or (MHigghhienspe raaite. Brominaapreilcaeiratests @hhralvbim@ﬁhﬁsﬁﬂﬂﬁéﬂp
me‘ﬂ&@ﬂﬂ%f@%gr@ﬂg ahiarylskeleton.whighis permanently twisted around

the central carbon-carbon bond have two atropisomers. Asymmetric
hydrogenation with transition metal complexes are preferably performed

DeWithonagfihe dbatnanisageres and optionally further chiral auxiliaries.

Therefore, it should be appreciated that any reference to ligands of
f‘d}l}iﬁm%o@ d be solved according to the process of claim |

Provided is a process for the preparation of asymmetrically substituted biarvldiphosphine

ligands of the formula

i

N
O

=W

e
R),P PR,
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201 (R2)2P P(R3)2 wherein RI, R2 and R3 are as defined above,
implicitly includes its atropisomers 25 0 (c) (R2)2P P(R3)2 (R2)2P

"-S, and I'-R if not otherwise specified, e.g. by ig,g i ﬂ]ﬁ.jl(‘r
posiI fg/%%%)%r negative (-) optical rotation. WO 2006/0027 AR

PCT/EP2005/006063 7 The undesired rihg closure mentioned in Scheme
| above can surprisingly be avoided by the inventive process. The
ragietiein fequenceatiol th€ preserivgintessdoaltheybatipardtivithofme or more

compoung gn?f forénula | are depicted in Scheme 2. 5 Scheme 2:

Preparation o ﬁ&ands | from 2,2',6,6'-tetrabromobiphenyl (Ill) Ri\ Br Br 0
BR wnd&R 1 arOitifpiqhtl cpitictat BemiBemuy crstioerf @y Gar-greoaikyl

Olé%‘l%] (E’S’ﬁ)—’aﬂ}ﬁM@(A{Jﬁ'gﬁc&?égyﬁfﬁlgfc{jf}]is[%b@&ié@ﬂy@ﬁﬁtifat&r ¥th one or more

substituents selected from the group consisting of halogen atorns, nitre, amino, Cre-alkyl,
C.g-atkoxy and di-Cig-alkylamino groups, and each C¢-alkyl, Cr.ealkoxy, di-C;¢-alkyl-
amino and Cs.yp-cycioalkyl 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 tetrabromo-

biphenyl

Br Br

Br Br

is exchanged with OR' by halogen-metal exchange and subsequent metai-hydroxy

exchange, followed by an alkylation, to afford a compound of formula

R\

O Br

Br Br

wherein R’ is as defined above,

and a second reaction sequence, wherein one bromine atom of each aryl moiety of the
compound of formula I'V is exchanged with iodine by halogen-metal exchange and
subsequent metal-iodine exchange, to afford a compound of formula

R\

O Br

O v
I 1



15 [a-3] (R2)2P P(R3)2 (R)2p P(R3)2 VII R', R2 and R3 as described
therein, 20 [a-1] = | eq. low temperature halogen-metal exchange; [a-2] =

W% = .6I/%/¥7t2%mperature halogen-metal (.axchainge; [a-3] = I t‘?p%f%p_ﬂ.'@?vm 6063
temperature halogen-metal exchange; [b] = borane oxidation [c] =
alkylation; 25 [d] = 2 eq. metal-iodine exchange; [e] = hydrogen
quenching; [f-1] = 1 eq. metal-alkyl- or cycioalkylphosphine exchange; WO
2006 TafRT 28R 0T AERRA050066068: GifhHactive geqnetad-aryiphisssphilrest one
exchande; [:3L.z ahalydeAn ReloAuRNRsRRAG Y SHANGE dfth
:%%) ¢ %n%t%?il%ﬁ%ﬁg%p%%gk é%(c ;ﬁ%g@%@ e é’s/éy@rlltt’sgrzlletic app%ach of TESPEEEVE
Sehestieisthershwitrdmsng tharstrertive halcbisrerms (With swhrsiapmisselected

brﬁ%@%%!?pq;owgl&ﬁ?g@%@ﬁeﬁpm&&%ﬁ@PﬁL@ﬁyaﬁgﬁﬂﬁesphino and

Compound llI"'can be obtained by condensation o
5 1 8-dibrofysloaiedabemPére (1) according to Rajea A. at al., J. Am..

Chem. Soc. 1996, 118, 7272-7279. 10 In a preferred embodiment, the first
halogen-metal exchange of the compound of formula Ill is carried out with
one BTSSR heb RS RAFCTE AR K AR S eT ARTF b EIOW LD B RSG5t O™ ™7t
tempeasgiiie halngesmetalsprahangezhitnatpblacselentite affergdature below
metallated intermediate. The.followir‘ig metal-h; droxty ngchan eis 1g;atrgiesgO o
out By reatti SRR A R R R e StANRRH T (5 Fana f 2rure ot &t 2

10 orgahwbenaiersotiowed:ing-reaetiercimtizd)peroxy 15 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. Preferably

th€iordriarvdinlpsnbive fagandsfhoorpnsiat 8y ot shel demyibitleisasauepently
trim-ste&%afmrﬁ&ec%lmgfﬁmsﬂsn Basisuiahwaraiepesibe bormng atic

organoborate is use ]
ydrogenation with transition metal complexes are preferably performed with one of the

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

i

A\

O
ao O
®),P PR,

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

25 O

®r R,

30 I"’-§, and I'-R
if not otherwise specified, e.g. by indicating their positive (+) or negative () optical

rotation.



20 in ethereal solution. In another preferred embodiment, the peroxy
compound is selected from the group consisting of hydrogen peroxide,

Wperaceti(: acid, m-chloroperbenzoic acid and tert-butyl hydrlg(peroxide 25

10

15

20

25

B %?é}?/g(ﬁzgﬁ%r preferred embodiment, the alkali and/or earth aﬁ%ﬁmnsmmm

hydroxide in the reation with the peroxy dompound is selected from the
group consisting of LiOH, NaOH, KOH, Ca(OH)2 and Mg(OH)2. 30 In a
futthesmpteferdaihe nibodimaentidhediasklofntled atkylation neaotonglisteavoided by

alkali.and/or earth alkali h [ lected.fr roup. consisti .
e R R B st R SR Baron o
POIERRE850D6061 ISun denttedipfehkamsdZlembodiment the alkylating
agent is a Cl-6-alkyl halide, a C5.io-cyclo- alkyl halide or dimethyl sulfate.
Preferably the Cl_6-alkyl halide is a Cl-6-alkyl bromide or CI-6-alkyl
io8idenpaitRiahRtiprefeisddnd BREafng Sgésitasr sadnnbamah bl
dimethyl sulfate. 5 In a particularly %}‘ eferred embodiment, the
metal-iodifyg;exchange of the second rgagtion sequence is carried out
with at I¢ast one mot of elementary iodine per equivalent of metal to be

( hané"’ezé)f the second

lent-of n-butyllithium at a

exchanggidrcarried out with at least d#iebnol of elementary iodine per
equivalentt&f metal to be exchanged. PHticularly preferred the second
reactiggh, sequence is carried out ak& temperature below -70 C in
tetrahydrpfugan. 15 In a preferred progegs, wherein a further reaction
sequencé is carried out starting with the compound of formula V above,

co mpétathre hdlogdp-metal exchange of
[f-1 or £2]
Il I ER),
Vv VI
fa-2] [a~1]
[£-3 or £-4] . [i-1 or £-2] o
R\ \
O Br Y
() o= (04
——
[e]
®)p PR, ®RH,P PR,
Vi I

R', R? and R? as described therein,

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

[c] = alkylation;

[d] =2 eq. metal-iodine exchange;

{e] =hydrogen quenching;

[£-1] =1 eq. metal-alkyl- or cycloalkylphosphine exchange;
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one iodine atom of the aryl moiety containing two halogen atoms and
subsequent metal- phosphine exchange, to afford a compound of formula

\ 0 Br gP VI 25 wherein Rl is as defined above, and R3 is selected

00?1;1}82&%%% consisting of aryl, C5-10-cycloalkyl and CI-6-alkyl, Wherein-

each aryl moiety is optionally substituted 8vith one or more substituents
selected from the group consisting of halogen atoms, nitro, amino,
C[f&}rlkyle@h@tallﬁﬁﬂpmlﬁﬁr@xﬁhaﬂgd;- amino groups, and each

t- - Ik I Cl. 6 % di- CI C%(%zl\}i)min andCéSlO cycloalkyl 30 group

op |o%a e?n Oﬁg?fgu? o%éngrerjﬁore%alogen atoms, and

tk{éﬁémﬁmmw@%awhﬁmpbﬁlh@icbmg@und of formula VI is replaced in a
low temperature halogen-metal exchange and subsequent
metal-phosphine exchange, to afford a compound of formula WO

2006/002723 ROTHRD2005/60606320™RE §.B15 7.0 -eiaBQRR £ gzl (1),
W%@%%ﬁ@é}gﬁéa%ﬁ%@ﬁf'ﬁega@@%gwma&%w 1888oxy or

independently selected from the group consisting of aryl, C5-10- c cIoaI
D CPBIa, e SREH 2GS R SRtloh Al SUBSIOREB AT

or,mereddisubstiuenis.seleateddrom the greun consistng ofhalogen
atoms, nitro, amino, C1_ 6- -alkyl, C1_6-alkoxy and di- Cl_6-alkylamino

groups, and each Cj-6- aIkyI Cl.6- alkoxy, di-C1.6-alkyl- amino and
C51 1 4 grefelealipbgibupnintR2and R eptiosnal lykbeingesiltistitutedowith «ifermula

ore hal oms and t e remain omlne tom of the o
e e R
teﬁﬁbeqatuvethak@@rni:gﬁ@@xdﬂﬂb@@hﬁd&’bs@q pela peheid towefthrg a metallated
pr%t%ﬂr%(aﬁ%z '&%@%ﬂ&diggﬁfg&?fn%%%)%xchange is carried out by reacting the

metaliated interrnediate 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.

Preferably the borane or organoborate is fluoromethoxyborane ethyl ether adduct, triiso-
propylborate or trimethylborate. Particularly preferred the borane or organoborate is used

in ethereal solution.

in another preferred embodiment, the peroxy compound is selected from the group
consisting of hydrogen peroxide, peracetic acid, m-chloroperbenzoic acid and feri-butyl

hydroperoxide.

In yet another preferred embodiment, the alkali and/or earth alkali hydroxide in the reation
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),.



R1 O 20 (R2)2P P(R3)2 wherein RI, R2 and R3 are as defined in
compound VIl above. 25 In a preferred embodiment RZ and R3 are the

W%am(%ml&,}@s case, the halogen-metal and the metal-phosqjﬁg}&g&c&%&g&
of the
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sequences each can be carried out, using two equivalents

respective agents. This avoids isolation &f the compunds of formula VI

and is depicted in Scheme 2 with the shortcut from formula V to formula

Vit 20 treapheftherdmetediatenibodiyletiteearht o Brepdrdtbséde, & Cs.ip-cyclo-
h n-metal exc e:ls,calli ith-an ] llic-co .
R B g e or
litBiuratkybingdea§asisaterhtpaetermcisaioyirtlopeatol @ iphettapy in diescthyl
ragﬂ?fﬁté’.f -60 to -90 C. WO 2006/002729 PCT/EP2005/006063 11 In a
preterred embodiment each low temperature halogen-metal exchange is
carried out in a polar solvent, preferably containing tetrahydrofuran. The

remoyaliofiha Jastramaining Lroming AtemfemLomnaupdsoh fQumda reaction
VIl, as 5 depicted in Scheme 2, requires different reaction conditions for

thERERGER St BXEHENEEcAH R POACHEITSERTERIIR Bepraarrbg of motal
embpdimentotie halogen-metal exchange is carried out with an

organometallic compound such as n-butyllithium, isopropylmagnesium

chloride or lithium tributyhnagnesate, at a temperature of at least 0 C,
pretatadtiyithtieiargeratd ¢ach4Q€ofFhe envodntaf ithresogganametattied out with
compound. 10 (+ fo2 snivalens) depends.anifie supstiyieniz aiaghed me
to’the lary m0|ef§/. Pmost cases one equivalent of the organometallic
cdndpaungl ietlficimstarhepta cectidddatoyeiilats inasvihetiolmbegmentery todine

Prolesiga et mant ihe el igRRaakile halageR- e L SECOR W dRon
carried out in a solution containing toluene and/or tetrahydrofuran. 15
sequence is carried out at a temperature below —70 °C in tetrabydrofuran,

- In a preferred process, wherein a further reaction sequence is carried out starting with the
compound of formula V above, comprising a low temperature halogen-metal exchange of
one iodine atom of the aryl moiety containing two halogen atoms and subsequent metal-

phosphine exchange, to afford a compound of formula

1

R\
O Br
() )
1
I PR,

wherein R! is as defined above, and

R® is selected from the group consisting of aryl, Cs.jo-cycloalkyl and C;.¢-alkyl, wherein
each aryl moiety is optionally substituted with one or more substituents selected from the
group consisting of halogen atoms, nitro, amino, Ci.s-alkyl, Ci¢-alkoxy and di-Cy¢-alkyl-
amino groups, and each Cy¢-alkyl, Cj¢-alkoxy, di-Ci.¢-alkylamino and Cs.jp-cycloalkyl |
group in R’ optionally being substituted with one or more halogen atoms,

and the remaining iodine atom of the compound of formuia VI is replaced in a low
temperature halogen-metal exchange and subsequent metal-phosphine exchange, to afford

a compound of formula



In a preferred embodiment the metal-phosphine exchange is carried out
using a halophosphine of the formula X VIII, 1 20 R/p~R wherein X is
chlorine, bromine or iodine and both substituents R are eq %J: RZ

W(S’rz%@?%ﬁgrein R2 and R3 are as defined above. 25 DepeLr%) ﬁgg%zr%{fﬁ{g"%ﬁs
intended substituents, said halophosphiné of the formula VIl is selected
from the group consisting of halodiarylphosphines,
handi-(C5-Io-cycIoaIkyl)phqg.phines and halodi-(C I.6-alkyl)phosphines.
Each aryl moiety of the halod rlehosphine is optionally substituted with
one or more 30 substituents gelected from the group consisting of

halogen atoms, nitro, a y aikyt\ Cl.6-alkoxy and Vi
h Cl.6-alkyl, Cl.6-alkoxy, di-
YaViWa

di-Cl-6-alkylamino groug ;
Cl.6-alkylamino and C5_I&=eycloalkyl-group of the halophosphine of the

5 formula VIl is substitutegﬁ\ﬁ)i ho more halogen atoms. In a preferred
embodiment the halophosphine WO 2006/002729 PCT/EP2005/006063
12 of the formula VIl is selected from the group consisting of
haeeieiry foHespiines Hrteimafhoiesb-cycloalkyl)phosphines, more
preferably ischiorediovsinhexdriosphine cRremedicyaiehexyiposphingoalkyl
chlorodiphenylphosphine or bromodiphenyiphosphine, 5 In a preferred
e ITEIR thE K aFO G BB B HE St RN ERE Lt e dhgTaFe
10 Ch&aleohalsclwater foandoxigizinganosgasie hrddganacidss,afich, amino, Cys-alkyl,
C1l-3-alkanoic acids. Preferably the non-oxidizing in nic preton agid-s
T ITEIT e e U A G e b f Bl Bt
queriching) &_garpidddigtiarenn® RinpéRitonsimahip bange whtead wid ene or
P%&}Q%Q;@ggﬂcﬁs@&gu”ds of formula R 0 15
and the remaining bromine atom of the compound of formula VII is replaced with

15  hydrogen by high temperature halogen-metal exchange and subsequent reaction with a

proton donor, to afford ligands of formula

: o0

®HP PR,

wherein RY, R? and R? are as defined in compound VII above.

25 Inapreferred embodiment R” and R? are the same. In this case, the halogen-metal and the
metal-phosphine exchange sequences each can be carried out, using two equivalents of the
respective agents. This avoids isolation of the compunds of formula VI and is depicted in

Scheme 2 with the shorteut from formula V fo formula VI

30  In a further preferred embodiment, each low temperature halogen-metal exchange is
carried out with an organometallic compound such as n-butyllithivm, fert-butyllithium, iso-
propylmagnesium chloride or lithium tributylmagnesate at a temperature below —40 °C,

preferably in the range of ~60 to ~90 °C.
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1, (R2)2P P(R3)2 wherein RI is C1-6-alkyl or C3-10-cycloalkyl optionally
substituted with one or more 20 halogen atoms, and R2 and R3 are

Winde{ er(}d,]ezntly selected from the group consisting of aryl, C15) 1%-%@9(%%%%
G E.é-ag\kyl, wherein each aryl moiety is optionally substitt ed with one

or more substituents selected from the dioup consisting of halogen

atoms, nitro, amino, C1.6-alkyl, C1-6-alkoxy and di-C1_6-alkylamino
graupscindeanbddintrakadh Clbtatimxyudi-llogealtkybi@beathmgaindarried out in
C5.10-cycloalkyl group.in R2 and tionally being substituted with one

o Ooar%gﬁﬂgﬁggé)ﬁgg Bgrﬁléf ?&%taﬁaiélprﬁ%%gﬁ ((5%? e%rgre compounds of formula

R1 30 O BrV, 11WO 2006/002729 PCT/EP2005/006063 13 wherein R’

IS Lol Q-alkvh QG- xggﬁlk&g'&&ma&xfﬁ%&ﬂte&@dﬂa&m&&m@r@m as

halogen atoms. Provided are compounds of formula 51 RVOBrVI, 101
P (RB)2ed ePehe R Jer SrigaikyicsmtBarscsyetsaikyps fiohaliisgpsmated
W%Eeﬂ&%&ﬁm{@rﬁ@{%@}%'iﬁ@%‘)i‘&%ﬁ%@%ﬁgﬁgﬁ%@t&%ggﬁﬁﬂme‘:ﬁ

consisting of aryl, Csao-cycloalkyl and C1-6-alkyl, wherein each aryl.
metebjisIptianty St Fetfrerdnmare bt TBRPLnb Stiterte SRty ™

isopropylmagnesium chloride or lithium tributylmagnesate, at a temperature of af 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 mest cases
one equivalent of the organometallic compound is sufficient to replace the halogen atom
with the metal.

In a preferred embodiment the high temperature halogen-metal exchange is carried outin a

solution containing toluene and/or tetrahydrofuran.

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

X . VI,

P
R~ TR

wherein X is chlorine, bromine or iodine and both substituents R are equal and are R% or

R® , Wherein R? and R? are as defined above.

Depending on the intended substituents, said halophosphine of the formula VIIL is selected
from the group consisting of halodiaryiphosphines, halodi-(Cs.1e-cycloalkyl)pbosphines
and halodi-(Cy.¢-alkyl)phosphines.

Fach aryl moiety of the halodiaryiphosphine is optionally substituted with one or more
substituents selected from the group consisting of halogen atoms, nitro, amino, Cy¢-alkyl,
Cy.¢-alkoxy and di-C;.s-alkylamino groups. Optionally each C;.¢-alkyl, C;¢-alkoxy, di-
Ci.¢-allylamino and Cs.jp~cycloalkyl group of the halophosphine of the formula VIII is

substituted with one or more halogen atoms. In a preferred embodiment the halophosphine



15 from the group consisting of halogen atoms, nitro, amino, C1-6-alkyl,
Cl-6-alkoxy and di-C1-6-alkylamino groups, and each CI-6-alkyl,
CI.6-aIkox%/;j di-Cl-6-alkylamino and Cs-10-cycloalkyl group in R3

“&%ﬂ?ﬁ/gﬂff eing substituted with one or more halogen atom&C T/EP2005/006063
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Furthermore provided are compounds ofiiprmula 20 R 0 Br VII, 25 (R2)2P
P(R3)2 wherein R' is Cl-6-alkyl or C3.10-cycloalkyl optionally substituted

W&Ilhtﬁélg;?ﬁlmh Ihaké%&@&@mxmﬁﬁdﬁgl &}ﬁiﬁii’ngflﬁ‘ﬂ?!iﬁ@ﬁﬂl Qﬂxﬁﬂphinleks almd
selected from t oup consisting of aryl, C5-lo-cycloa and Cl-6-alkyl,
TR e R e R R
SithstiivEnisi setecteitbfpdindhehrodiphansdisiinghoidal bgandaiphayhitaphine.
amino, Cl-6-alkyl, Cl-6-alkoxy and di-C1.6-alkylamino groups, and each

Cl-6-alkyl, C1.6-alkoxy, di-C1-6-alkyl- amino and C5-10-cycloalkyl group
inIR2 mettRS epfiodatiyrb dindg sitbgtitutecbwitsderedrimothaeioygermnsisting of

atams,., W0 2006/002729 PCT/EP rovided | .

s ORI REIEEIAONS Asguted sl

C Paeltepiinhe 8o-0dgtlval kybaptivraiiobemg sdbstituted with one or

more halogen atoms, 10 R2 and R3 are independently selected from the
group consisting of aryl, C5_10-cycloalkyl and Cl.6-alkyl, wherein each

ary ety i@%‘fﬁ%ﬁ%?@éﬁgﬁ@gﬁ}&‘ﬁﬁ%ﬁ% OriisrsnSisafbits carded outata

sql&ﬁb%gamnta@ sHRLILgBsIgtingoofchalogen atoms, nitro, amino, Ct
6-alkyl, ClI-6-alkoxy and di-CI-6-alkylamino groups, and each ClI.6-alkyl,
Cl.6-alkoxy, di-Cr_6-alkyl-

Provided are compounds of formula

1

N\

O
oav L
®),p PR,
wherein R! is C;¢-alkyl or Cs.je-cycloalkyl optionally substituted with one or more
halogen atoms, and
R* and R are independently selected from the group consisting of aryl, Cs.jo-cycloalkyl
and C¢-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; ¢-alkyiamino groups, and each C, ¢-alkyl, C¢-alkoxy, di-Cys-alkyl-
amino and Cs.jp-cycloalkyl group in R” and R* optionally being substituted with one or

more halogen atoms.

Furthermore provided are compounds of formula
1

B\

O Br

QO V’
11
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amino and C5-10-cycloalkyl group in R2 and R3 optionally being
substituted with one or 15 more halogen atoms, for the preparation of
catalytic active complexes of transition metals, preferably of ruthenium,
%’r’ﬁ?ﬁz?ridium. Said catalytic active complexes of transitioh TR&tag0e063
can be used for hydrogenating, preferably asymmetrically hydrogenating,
of a compound containing at least one unsaturated prochiral system.
Praferable theqyrogiugts,rblainesiayiR0 spidasymmaticalyviidsagenaling
are enantiomerically pure compounds. Several examples for general
appIREII B Sthods for the preparations of catalysts and catalyst
solutions are disclosed in Ashworth, T. V. et al. S. Afr. J. Client. 1987, 40,
1 3-12%,?WO 00/29370 aFrl}ed Mashima, K. J. Org. Cheat. 1994, 59,
306 HFIE SR PHETS G%‘?rﬁaoodiment the hydrogen pressure during
above mentioned hydrogenating is in the range of I1to 60 bar, particularly
preferred in the range of 2 tBQS bar. In a further preferred embodiment
hydrogenating is carried out at@ t&mperature in the range of 0 to 150 C.
30 In a preferred embodiment, the campounds containing at least one
unsaturated prochiral s d from the group consiﬁi’ng of
compounds containing a\p yl group, a prochiral alkkene
group or a prochiral imine group. W320061002729 PCT/EP2005/006063
15 In a particular preferred emboditdent, the compound containing at least
one unsaturated prochiral carbonyl, alkene or imine group is selected
frothairgrotif-ee R AE ora iR SR STEsaTy, S&b%%ﬁaf?%wo% frfdgore
a-nkEkeiealcohols, acrylic acid derivatives, acylated enamines or
N-s ituted 'amipes af aromatic ketones_an ehydes. referabl
eyl e G S e e e U
polarersiivedt kg Gdittalicaiptisyallzter dintethyisulfooed (BN @6 iuents selected
dimnethylfonnami ' ers or.mixtyres
e Skony and

isdptCpyhiiEohthe ewwrixEne rdy ok BiaviChlarikeretetnét;stikylamino and

Cs.1o-cycloalicyl group in R optionally being substituted with one or more halogen atoms.

Furthermore provided are compounds of formula
1

B\

O Br

<D -

®>,P PR,

wherein R is Cy.¢-alkyl or Ca.pp-cycloalkyl optionally substituted with one or more
halogen atoms, and

R? and R® are independently selected from the group consisting of aryl, Cs.ip~cycloalkyl
and C¢-alkyl, wherein each aryl moiety is optionally substituted with one or more
substituenis selected from the group consisting of halogen atoms, pitro, amino, C;s-alkyl,
C¢-alkoxy and di-Cy.¢-alkylamino groups, and each Cj¢-alkyl, Ci¢-alkoxy, di-Cy.¢-alkyl-
amino and Cs.jo-cycloalkyl group in R? and R? optionally being substituted with one or

more halogen atoms.



solution may contain further additives. 10 The present invention is
illustrated by the following non-limiting examples. Examples: Example 1:
1,3-Dibromo-2-iodobenzene (1) 15 Diisopropylamine (0.14 L, 0.10

Wrﬂ&f)“ﬁ[ﬂ%zlz% dibromobenzene (0.12 L, 0.24 kg, 1.0 mol) W&ce’r/zgpzm%mo(ms
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consecutively added to a solution of n-butyllithium (1.0 mol) in tetrahydro-
furan (2.0 L) and hexanes (0.64 L) at -75 C. After 2 h at -75 C, a solution
ofidiged (91R6 ke, ot Smehiddel afpdnafuran (0.5 L) was added. The
solvents were evaporated and the residue dissolved in diethyl ether (1.0
L). After washing with a 10%§queous solution 20 of sodium thiosulfate
(2x0.1 L), the organic layer wagydried over sodium sulfate before being
evaporated to dryness. Upon rystalllzatlon from ethanol (1.0 L), colorless
platelets were obtained, ; 0.33 kg (91%); 'H-NMR
(CHC13, 400 MHz): S = , 2 H), 7.07 (t J=8.1Hz, 2 H)
25 C6H3Br2l1 (361.80): cafetr
0.80. Example 2: 2,2',6,6/-E abr9 o>1 1'- b|phenyl (III) At-75C

butyllithium (14 mmol) in hexénes (5.6'mL) was added to a solution of

1, 0 4. Rhineiriy! OniE OF THOTE
Af%%fg E@olﬁ%%g%%&&gigilﬁregc%%ﬁr{%ﬁ} 75 C}dtc%ppg?ggl)g&%ﬁ?é&(%% g,
7?44%?5})awg§=added and the reaction mixture was allowed to attain 25 C

owﬁéghﬁﬁﬂaep&@édtwa@écﬁ%aﬁ@ﬁm g@%ﬁbw@mﬁa@mmwreﬁmmea&yx
Organ ra e .agueous Se Wwas ex

T L R e i S T R alR S ggmore
sagitgninsiifatel W1 2006400 229 ROTHER200bI0GE068 116 hictaratiam @1.6-311{)&

o Otk fisd, aZﬂCZI a?héﬁ tetﬁ‘?‘%%r{‘n%%rt%ué“%%”é’a r%‘:'&?&qsd*p%é&% Oug% -alkyl-

{eredide Wi es Coo e product is pure €
fo&tfumlemdré‘aebr@mdwibflm@lp 218°@nd R’ gr88se)ly elmRYSHGB #abmne or

ME{%}G@L&T@%‘S@I &qng 8.3Hz,4H),7.17 (t, J=8.0 Hz, 2 H).

for the preparation of catalytic active complexes of transition metals, preferably of

ruthenium, thodium or iridium. Said catalytic active complexes of transition metals can be
used for hydrogenating, preferably asymmetrically hydrogenating, of a compound
containing at least one 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 catalysts and
catalyst solutions are disclosed in Ashworth, T. V. et al. S. 4f. J. Chem. 1987, 40,
183-188, WO 00/29370 and Mashima, K. J. Org. Chem. 1994, 59, 3064-3076.

In a preferred embodiment the hydrogen pressure during above mentioned hydrogenating
is in the range of 1 1o 60 bar, particularly preferred in the range of 2 fo 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.



5 Example 3: 2,6,6'-Tribronio-2'-methoxy-1,1'-biphenyl! (IVa; R1= Me)
n-Butyllithium (0.10 mol) in hexanes (63 mL) was added at --75 C to a
solution of 2,2',6,6'-tetrabromo-1,1'-biphenyl (47 g, 0.10 mo

),in
WREWPArSHiran (0.50 Q. The mixture was consecutively tré’g{g&%ﬂw 006063
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fluorodimethoxyborane diethyl ether addgct (19 mL, 16 g, 10 0.10 mol), a
3.0 M aqueous solution of sodium hydroxide (36 mL) and 30% aqueous

%dgg%%ﬁtﬁsr%%@%md%& 8,10 mgbudd o reastionitutaasatarated
neutralized at 25 C with 2.0 M hyftochloric acid (0.1Q L) and extracted

viltpehiearaee eIE0e10 IMinHECRB MBS BAm B FRPEAgRE 4 a0
withes, 19% anueaysicelinnef sopit pisrileddkOdytinddkeivatddisncylated
sulfate and evaporated, The oily residue ywas disso v?g in d15 dimethyl
SERBRIEE (3 DO EyHE L BHS ﬁi‘&ﬁ@?ﬁ%ﬁ’t‘?ﬁa}%? T 1

mol) and
PoLaGSIUI (hyEvexide: pewdesdBorsgy X imbiuweit ecasdrutivaiiicaddedolar
After 1 h, water (0.50 L) was added and.the pr ag |

RO e (OSIS THE o e e oy e ov),
sulfateiatid @iepuiiatec: Coystallizati GreforiPetifiembly(Ovd ool sffordieepEmins

0 (82%) product.as colorless : ’ 5. Co e
i 3 B e S ey e
8shitinninkdy, G:@8ifdariber 2REOVEsHz, 1 H), 3.77 (s, 3 H); C13H9Br3
(420.92): calculated (%) C 37.09, H 2.16; found C 37.10, H 2.03. 25
Example 4: 2-Bromo-2',6-dilodo-6'-methoxy-1,1'-bipheny! (Va; Rl = Me)
nBhatpioA(Es O RSN Rt I8 AT iRe 29I E a
solution of 2,6,6'-tribromo-2'-methoxy-1,1'-biphenyl (6.3 g, 15 mmol) in
tetrahydrofuran (75 mL). 45 Min later, a solution of iodine (7.7 g, 30
miFefEmaStrahydrofuran (20 mL) was added. At 25 C, a 10% aqueous
saiuigpRisadiunshiassisteinas 2ada@y100 mL) followed by 30

extraction with.ethyl tate {3x5 T rgani @'i%j OUEHA &

siﬂ?ﬁﬂ?@gﬁé‘féﬂ Betore é%n?go(g‘&agé?ékt%% %%%%%2@& %%{%%ﬁ%a ion form a g’

9 1.0 mixtwe\iv)shexirdsaidahyt acetutien 30 vy dirae(ESl ok tetrahydro-

”‘?ﬁ%r?@l. ' %cfgﬁ"gl @ﬂﬂ.‘é’ﬁﬁﬂ%%@@%@ h2) 25 557804(8thutlon bBiodine

1 PR T HY 767 (dd, 9= 8.0, 1.1 Hz, WO 2006/002729

POTIE R200% 1006 OB Btrahydrofuran (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 organic layer was dried over sodium sulfate before
being evaporated to dryness. Upen crystailization from ethanol (1.0 L), colorless platelets
were obtained;
m.p. 99 to 100 °C; 0.33 kg (91%);
'H-NMR (CHCls, 400 MHz): §=7.55(d, J=8.1 Hz, 2 H), 7.07 (t, = 8.1 Hz 2 H);

CsH:Br! (361.80): calculated (%) C 19.92, H 0.84; found C 19.97, H 0.80.

Example Z: 2,2°,6,6’-Tetrabromo-1,1"-biphenyl (11}

At —75 °C butyllithium (14 mmol) in hexanes (5.6 mL) was added to a solution of
1,3-dibromo-2-iodobenzene (4.3 g, 12 mmol) in diethyl ether (0.18 L). After the soluticn
was stirred for 2 b at =75 °C, copper(il)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



10

15

20

25

30

17 1 H), 7.57 (dd, J= 7.9, 0.9 Hz, 1 H), 7.13 (t, J= 8.1 Hz, 1 H), 6.99 (d, J=
8.3 Hz, 1 H), 6.93 (t, J=7.9 Hz, | H), 3.78 (s, 3H). Example 5:
2-Bromo-6-(dicye|ohexylphosphino)-2'-iodo-6'-methoxy-1,1'-%!%%%(?%6%3

W(Q/Fﬁ?(ﬂ’fy?\?le and R3 = cyclohexyl) At -75 C, n-butyllithium’(

hexanes (6.3 mL) was added to a solutioyg of
2-Bromo-2',6-diiodo-6'-methoxy-l,1'-biphenyl (5.2 g, 10 mmol) in diethyl
ethab{SPemk bvApiatdheraddiienwas G0 pleteshiae Mvdd e wasieatediment of

i SRS 22 B £35S TR
satuior of ansmoniudnsghlsdde (20 mL). The mixture was extracted with
. | iod

Vb S e A St o o8 e Sl bh. e vt W B
subjected to purification by silica gel chromatographic (hexane:ethyl

: 9:1; V- in 4. %) of.the.objecti
e R sy S R S
7.5 BatyZidpd. 47 1@, 1ol i khzahks)(62. 01 ftywds Bldeazt 17 HYB880 (@pten of
8'§ i‘%é‘»‘f&ia%}%%l%%%’@f%&%r%%%ﬁb éﬁ&ié%t&@a@d@&iymg@ L). The mixture

(CDC13,162 MHz): 6 = - xample 6: _ |
2-BrORMECHiETo|Glsaked prbshrpriipcibeerbumnetRir I cthaiphineg (L B 16 2,

R 8 & Gyelohe Xyl 3 sQlutionihubdnagnesiuri i idRieo
(S%migg?ngigigﬁgdrofuran (13 mL) was lgédded né?t\?utgﬁ%ium (1%“6Qﬁl ®

mAYIFPEFBRARES (6% § At &1 daeeihe R rarE g afgietaifrd at 25 °C
A seltiamehdesemne:d 6rlindo 16 -me thaaytdd Wrftiptiemyl €herg3 2010 L). The

mmol) 25 jn tetrahydrofuran (20.m S ed at -75 C. After stirring for |
S SOt G eR T  A AR e
adddd:. 1Aftén stionagsadidh CGulfore2idn] thepmbthd dinas iy eedieldanithe dissolved in
saturated aqueo ' ] i ride- ( ) ni :
2 e s
layedsonigkepdrider d0&t s Selldm s tears. sfracabineemdatbridriiessivient0.50 L)
t(z%éoafﬁggﬁlﬁi %?)Wc&%g dRRUARCRAR B, 1R 0B NI RtPFLaRIRic 1ayers

exane:e acetate,

were dried g)lver sodium sulfate and evaporated. Crystallization form ethanol (0.10 L)

afforded 35 g (82%) product as colorless cubes;

m.p. 184 to 185 °C;

'H-NMR (CDCls, 400 MHz): §=7.64 (d,/=8.3 Hz, 2 H}, 7.3 (m, 2 H), 7.11 (t, J=

8.1 Hz, 1 H), 6.96 (dd, J=7.2,2.2 Hz, 1 H),3.77 (s, 3 H);

C13HeBrs (420.92): calenlated (%) C 37.09, H 2.16; found C 37.10, H 2.03.

Example 4: 2-Bromo-2’,6-diiodo-6’-methoxy-1,1’-biphenyl (Va; R! = Me)
n-Butyllithium (30 mmol) in hexanes (19 mL) was added at —75 °C to a solution of

2,6,6 -tribromo-2’-methoxy-1,1 ’-bii)henyl (6.3 g, 15 mmol)} in tetrahydrofuran (75 mL).
45 Min later, a solution of iodine (7.7 g, 30 mmol) in tetrahydrofuran (20 mL) was added.
At 25 °C, a 10% aqueous sclution of sodium thiosulfate was added (100 mL) followed by
extraction with ethyl acetate (3x50 mL}. The organic layer was dried over sodium sulfate
before being evaporated to dryness. Crystallization form a ¢ : 1 mixture (v/v) hexanes /
ethyl acetate (30 mL) afforded colorless needles; 6.0 g (78%)).

'H-NMR (CHCl;, 300 MHz): § = 7.90 (dd, /= 7.9, 1.1 Hz, 1 H), 7.67 (dd, /= 8.0, 1.1 Hz,
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9:1; v:v) to obtain 3.6 g (61%) of the objective compound as a yellowish
oiI WO 2006/002729 PCT/EP2005/006063 18 'H NMR (CDC13, 400

Hz): 8= 7.58 (d, J= 7.9 Hz, 1 H), 7.5 (m, 2 H), 7.17 (t, J= 7.7 Hz ﬂ%
WP(%NF"@MHZ 1 H), 6.80 (d, J= 8.3 Hz, | H), 3.62 (s, 3 HC TS/ chepes

H), 1.1 (m, 10 H); 31P-NMR (CDC13, 162 MHz): 8 = -2.1 (s). 5 Example
7

aﬂ@'f‘i\&({dﬁwgh@é)mhpﬁghmm@ -fdiphemdphasphiso)ibrmethosey H),
hen%névna R! = Me, R2 = phenyl and R3 = cyclohexyl) At -75 C,
n(b?ﬁ fiithit (% rhﬁbl? Wﬁ%)gﬁﬂes (6.3 mL) was added to a solution of

2-Bromo-6- (dlcyclohexylphosphlno) -2'-iodo-6'-methoxy-1,1'-biphenyl (5.9
9,10 mmo in d|e 20 After. 15 min _, _
ciﬁ‘ﬁf‘é‘fﬁ%‘ﬁg "I%ﬁ%@ﬁh Xyépn%‘%spi%n n?r]r?o ﬂ#ag Gyl -Piphenyl
Weﬂhﬂ@ﬁ@m@@i@mm%@ A saturated aqueous solution of
JmeR U SR e Mb-0s Adsd ane e SN IBves Wadoiugon of
ara e A d'wit

Ueous phase as extract ethyl acetate 3 x20
mmammawé éeimﬁne‘d m@h@miéﬂ«e@@h@mﬁl thied. dversediimsisttdtether (50 mL).

befare !ﬁ%'% avaprated, Thesesiduswassubiected fa15 purification by

silica g romatographlé (cyclohexane as eluent) to obtain 4.1 g (63%)

ofcimqéb}mh@@ézd@hm@ﬁw £5arpblidwish! SireeRNRe (TSI, oG Y, ©o reach
6 75 A AGHE I Tl PG alshiafed%dbeols fothitildn dtthindoBRirkdhlohidd (202 ). The

Hz, 1 H), 7.2 (m, 12H) 68 d, J=74Hz 1H), 365 (s, 3H) 1.6 é 12
H}n@(@rﬁﬁvaf@ﬁ)a gcetate (3x20 mL)) and the combifie anic layers were
2' MWWQ&M&@&&' (ﬂiﬂ&@ﬂﬁ)&lﬁﬁ)ﬂﬁﬁﬁfﬁﬂ@éiﬁeﬁﬂﬁﬂmyidu&?vas subjected to
biphe = Me, R = cyclo A O
W)ﬁﬁﬁé] 3(?%‘% AT bé‘ﬁ%’ %a%%aé)s O ey% gEfitcgj LMo gtigm a2 2
2 bmmnaﬁﬂﬁelmimekﬂh@oﬁqnlposwhm@)yzﬁ{:(mmemﬂdphosphlno) -6'-methoxy-1,
luen -

me%r%?@ f%]v?é% 3333%53 fol:?)vg\}ét@bi W%atggl%{g% I’_) ang} ir?eﬁé%;irﬂét 7=
layieT Wad $8pardtdt JFhe bHaebts, shselnwgs 8.3 Hz, 1 H), 3.62 (s, 3 H), 1.6 (m,

12 H), 1.1 (m, 10 H);

PP NMR (CDCls, 162 MHz): & = 2.1 (s).

Example 6: 2-Bromo-6-(dicyciohexylphosphino}-2’-iode-6"-methoxy-1,1’-bipheny}
(VIz; R = Me and R’ = cyclohexyl)

To a solution of butylmagnesium chloride (5.0 mmol} in tetrahydrofuran (13 mL) was
added n-butyllithium (10 mmol} in hexanes {6.3 mL}) at 0 °C and the mixture was stirred
for 10 min. A solution of 2-bromo-2",6-diiodo-6"-methoxy-1,1"-biphenyl (5.2 g, 10 mmol}
in tetrahydrofuran (20 ml.) was added at -75 °C. After stirring for 1 hat -75 °C
chiorodicyclohexylphosphine (3.3 mL, 3.5 g, 15 mmol} was added. After stirring at 25 °C
for 2 h, the mixture was treated with a saturated aqueous solution of ammonium chloride
(20 mL). The mixture was extracted with ethyl acetate (3%20 mL), and the combined
organic layers were dried over sodium sulfate. After concentration of the solvent, the
residue was subjected to purification by silica gel chromatographie (hexane:ethyl acetate;

9:1; v:v) to obtain 3.6 g (61%) of the objective compound as a yellowish oil.
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extracted with dichloromethane (2X20 mL) and the combined organic
layers were dried over sodium sulfate before being evaporated. The
residue was subjected to purification by silica gel chromat(e)Fgéa h|e

W&é‘g{%’g é%ﬁyl acetate; 9:1;v:v) to obtain 0.94 g (43%) of th 6}8%%‘ ighe3

compound. Crystallization from ethyl acqiate (10 mL) afforded colorless
prisms. 'H-NMR (CDC13, 400 MHz): 8 = 7.50 (d, J= 7.8 Hz, | H), 7.2 (m,

1 9 ) 6 _
SRR A8t b o b G0 -

13171 h Hin 740 H)Jwélzféé}é/é@z?ﬁ@ (o EDY }oﬁbé@ Go3 ),
345 MR (D@43). 162 MHZ): 8 = -8.7 (d, J=13.1 Hz), -13.4 (d, J= 13.2

37H420P2 (564.27): calculated (%) C 78.70, H 7.50; found C
7 E@MI# (65 Exdfrpldide): & =-2.

6-Bromo-2,6'- bls(dlphenylphosphlno) 2 -methoxy-1,1'-biphenyl (VTIIb 5
R'=Meand R2=R3 = hen At -75 C, n-butyllithium (0,10 mol) in
RS S 7 by s SR SRR R oe S OBRER VR %}Bﬁ%ﬁ -methoxy-

mmol}ipsetrahydrafucde (@32@13: ﬁmWaﬁmf’mmwr@m}s) treated with a

(AT G R N RTS8 e ion of
tre@e@kxwm(dlﬂzﬁcsﬁtmﬁ@damu&o%~sﬁut®mﬂ@mmbﬁﬂdﬂph¢ﬂgﬁ@é}@ 20 mmol)
L)m eia?hlo iEIXtﬂ e | XtraC g Hg% E? Q(QA%OQLQ E@ mmol)

the c |ne rkganlcﬂayers Were ( r|e ate. Evapor
ofwhe@dme Aillseanic ory srallizéaioedffo ma@hﬁzi 5@@@1@‘7{@31@1 Esmawa@eﬂon of

e il TR AU TR

HPhsS (RS siped WithrieylaceaboRada ) pod téegwf@ipré FgRiGLaypR wore

fﬂﬁ%@o@%r fgd{ltm%tﬁﬁlé bbibh R (Saporiled IRNMRUERSS t35it82d to
2)

(P RSSCRIEH S B BRI B D T SR & (63%)of
Examplectivdeci@pound as a yellowish oil.
'H-NMR (CDCls, 400 MHz): 8 = 7.46 (d, J=7.9 Hz, 1 H), 7.39(d,/=7.4 Hz, 1 H),7.33
(dd, J=7.7, 24 He, 1 H), 7.2 (m, 12 H), 6.82(d, J= 7.4 Hz, 1 K}, 3.65 (5, 3 H), 1.6 (m,
12 H), 1.0 (m, 10 H).

Example 8: 2’~(Dicyciohexyiphosphine)-2-(diphenylphosphino}-6-methexy-1,1’-
biphenyl (Id; R! = Me, R* = pheny! and R? = cyclohexyl)

At 0 °C, n-butyllithivm (4.6 mmol) in hexanes (2.9 mL}) was added to a solution of
2-bromo-6-(dicyclohexyiphosphino)-2°-(diphenylphosphine)-6°-methoxy-1,1’-biphenyl
(2.5 g, 3.9 mmol) in toluene (6.0 mL). After 1 h at 0 °C, methanol (1 mL) was added
followed by water (10 mL) and the organic layer was separated. The agueous phase was
extracted with dichloromethane (2x20 mL) and the combined organic layers were dried
over sodium sulfate before being evaporated. The residue was subjected to purification by
silica gel chromatographie (hexane:ethyl acetate; 9:1;viv) to obtain 0.94 g (43%) of the
objective compound. Crystallization from ethyl acetate (10 mL) afforded colorless prisms.
'H-NMR (CDCls, 400 MHz): § =7.50 (d, /= 7.8 Hz, 1 H), 7.2 (m, 12 H), 6.98 (, J =

7.5 Hz, 1 H), 8.83 (4, /= 8.2 Hz, 1 H), 6.66 {ddd, /=7.7, 3.2, 0.9 Hz, 1 H), 6.57 {ddd, J=
7.5,3.7,1.2 Hz, 1 H), 3.64 (5,3 H), 1.6 (m, 12 H), 1.1 (m, 10 H);



Ligands Ib, la and Ic have been prepared according to Scheme 2.
Example 10: 2,2'-bis(dicyclohexylphosphino)- 6-methoxy-1,1'-biphenyl (Ib;

W?ﬁéi%%%éisnz) —1 |LZil = cyclohexyl) Colorless cubes; m.p. s‘%‘t‘% ’r%ﬁ’ % ops
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MR (CDC13, 400 MHz): S = 7.56 (m
(m, 3 H), 7.16 (d, J = 7.5 Hz, 1 H), 7.08 {m sym., | H), 6.88 (d, J= 7.8 Hz,
1 H), 3.66 (s, 3 H), 1.7 (m, 24 H), 1.2 (m, 20 H); 30 31P-NMR (CDC13,

162 MR (85cR; 4o MALR & H2),7-4dl S<4d 3. -2y 2wy {@3@4&4@32)
(576 79): calculated (%) C 77.05, H 9.44; found nd]C77§_|4g Jffl,] C

608 TV lsgtgd 660637 20 e Rammple T

2 ,6-Bis(diphenylphosphino)-2- methoxy 1 1 blphenyl (la; R1 = Me and R2

=R3= phen )?golorl sH rs mhf‘% ﬁléﬁ%c%@g%sl E%%?’iﬁrﬂb
HR‘HI%@MRB 73, ﬁh%ﬂﬁ} 2 H), 6.82 (dd J=17.6,42 Hz, 1 H), 6.77

(d, J=8. I 7 9Hz 3.1, ; ' solution o
S e S Rl BB ST g otygop of
Hzasmﬁﬁm 300P2 gwmp&mw@ée@lm@ 0242 H B mapighdras ture was

grf? horodiphenylphosphine {18 mL, 22 g, 100 mmel} in
|§$§ohexylgﬁosp any §|pﬁregn§/ppﬁ%%ghar?yl 2- r(nethox o5

1 w%@W%m{@M@hR@ﬁ%%w&ﬂ%t@@wp% e Wﬁ eaisbah 2

1 ik Seathd wiGRGHSn 400 MHdz¥R ThibRdemo 20 B, fhd Sebdiida ofi b2 wlas
H), 323% H); 31p-NMR (CDCI3, 162 MH2): 6 =-11.3 (d, J= 107%& S v
1 oGeted it gree e AL PR dhu sty Iégﬁceﬁg%a& BEFE e e ov
H M@:ﬂ@ﬂﬁ&@ﬁ\%}ﬁﬁaﬁfbﬂ A3hexpmmiedBefyitatiivdtion from ethyl acetate (0.10 L)

(+) -6-Dic ho hanyl -2'-diphenylphosphino-
8%?0?% pﬁ’?é? flic; Rr = Me, R2 = cyclohexyl and R3 = phenyl)
Thﬁ saepmietiprosphinmposivasseparated into its enantiomers by
mala- a0 graphy ysing a.chirgl stafionaryphaseyhe 7 o 1.6 1
Co e s SRR S o v, ESIETFRP AR 0% 7.0, 1 01,
2H), 7.3 (m, 12 H), 7.1 {(m, 6 H), 6.99 (ddd. /=7.7,2.9, 1.3 Hz, 1 H), 6.8 (m, 3 H), 6.63
(d, J= 8.6 Hz, 1 H), 3.01 (s, 3 H);
Ip.NMR (CDCls, 162 MHz): 8 =-10.1 (d, /=24.6 Hz),-13.9 (d, /= 24.9 Hz};
Ca7HooBrOP, (631.49): calculated (%) C 70.37, H 4.63; found C 69.13, H 4.60.

Example 10 to 12:
Ligands Ib, Ia and Ic have been prepared according to Scheme 2.

Example 10: 2,2’-bis(dicyclohexylphosphine)- 6-methexy-1,1"-biphenyl (Ib; R’ = Me,
R? = R® = cyclohexyl)

Colorless cubes; m.p. 220 to 221 °C (decomposition);

'H-NMR (CDCls, 400 MHz): § = 7.56 (m sym., 1 H), 7.4 (m, 3 H), 7.16 (d, /= 7.5 Hz,

1 1), 7.08 (m sym., 1 H), 6.88 (d,/=7.8Hz, 1 H), 3.66 (s, 3 H), 1.7 (m, 24 H), 1.2 (m,
20 H);

P NMR (CDCl;, 162 MHz): § =-9.9 (d, /= 12.1 Hz),-11.5(d, J=12.2 Hz};
Cy7Hs540P» (576.79): calculated (%) € 77.05, H 9.44; found C 77.17, H 9.14.
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the mobile phase was n-Heptane / EtOH (2000:1; v:v). From 360 mg
racemic material 142 mg of

+)-6-d|c%%l§r:§gyg?hosphanyl-2 -dlphenylphosphanyI-Z-met{}gé)ﬁ%}z&(}:ﬁlf:)(}l}):)ﬁk(})g3

(-)-6-dicyclohexylphosphanyl-2'-diphenyghosphanyl-2-methoxy-
1,1'-biphenyl were isolated. The enantiomeric purity of both compound

“@Ealﬁ%ﬁ%@%%@%@gﬁﬁ&%mmmmu 2 QR EOMe and

m colu the optic on of the (-)-isomer is aD24 (c = 0.5in
@fzﬁ@)‘——!ﬂﬁm&’liixample 14 to 16: The chiral Ligands (-)- and (+)-Ib, (-)-

a@ﬁl&?ﬂééé;g{lﬁméj)mﬂﬁQig_%'r?z@fi@(&&af@&;%&ﬁ&% separationlof the
corresponding racemic aipnospnines accoraing_to exam e,)

SB0R 12D B TP G008 L EAart - o) s o 0. 7.06 6,/
(’9272.'3,61 Bisgdicyeiohexylplosrhing2amethony; 5.7 7hipileny(t:, RS, W65 (dd, /=

= [t3 = cyclohexyl) The enantiomeric purity was 99.2% for the

R
(-}-RBinérland96°9% For te (+)-isomer (measured by HPLC on an
analyticR HIRALCRR(NNDD 30-xxgolamn) i the Bptical 5 tdtiory 6f g

(+)-isomer is a024 (c = 0.5 in CH2C|2) = 16,4, Exampl (+
BTN TSN 2 NPy £ TR 2,

R2 = R3 = phenyl) The optical rotation of the (+)-isomer is a020 (c = 0.5 in
CHC13) = 6.0, 10 Example 16: (:)- and,, .. ; oy -y
B B PRDS Dhrimbs pggpbanyt 2 methosy
6-metbphedyl HoiphbraWidR R: zylehRgiaph iyt ahen®B = cyclohexyl)

The oq% | rg} tion of the (-)-isomer is an20 (c = 0.5 in CH2CI2) = -34.9.
1§H§Xam§% '7 (5)-Ethyl 3-hydroxybutyrate In a 150 mL autoclave under .
arGonBIR GEPREeA MU BETG, 0026 Minfol)f () iigd iz (183w 3 Hh
0.9 t oacet .6 O oM ) i5 dissalvedinz;
deg%%&{gﬁﬁaggﬁﬁ%ﬁ%?ﬂergf%[?s(ﬁhgzt?feéautoc’lﬂg Iﬁ/gh argon :
hydritetaiiciseearnddubrieddbiviiy B A G Merat £ T8 Aydrdden
pressure. After cooling to room temperature the 20 reaction solution is

directly analyzed by GC for conversion (column: HP-I01 25 m / .
Example 13: (-)- and {+)-6-Dicyciohexyiphasphan.yl—2'~d1phenylphosphm0«-

2-methoxy-1,1'-biphenyl {lc; R! = Me, R* = cyclohexyl and R® = phenyl)

The racemic diphosphine Ic was separated into its enantiomers by preparative chromato-
graphy using a chiral stationary phase. The column used was CHIRALCEL® OD 20 pm,
the mobile phase was n-Heptane / BtOH (2000:1; v:v}. From 360 mg racemic material
142 mg of (+)-6-dicyclohexylphosphanyl-2°-diphenylpho sphanyl-2-methoxy-1,1"-biphenyl
and 123 mg of {—)-6-dicyclohexyiphosphanyiwz’-diphenylphmphanyla-methoxy~
1,1-bipheny! 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,Cly) =~1.4.

Example 14 to 16:
The chiral Ligands (-)- and (+)-Ib, (-}~ and (+)-Ia and (-)- and {+)-Id are prepared by

separation of the corresponding racemic diphosphines according to example 13.
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0.2 mm) and, after derivatization with trifluoroacetic acid anhydride,
enantiomeric excess (column: Lipodex-E 25 m /0.25 mm). Conversion is
99.7% at an ee of 99.0%. Example 18: (R)-Ethyl 3-hydroxybutyrate 25 In a
BT

(-)-ligand Ib (4.3 mg, 0.007 mmol) and ethyl acetoacetate (0.15g, 1.1
mmol) is dissolved in degassed ethanol (7 mL). After flushing the
aﬂﬁbﬂ@%g (th_argen Aydrogenatieplsaiipt QphHiinendadi Al X0%ipaeky! (b;
atgr ar hydrogen pressure. After cooling to room temperature the
r&actidfesBiutidh is eHrkdEhalyzed by GC for conversion (column:
HRA Oda R et 3 Q e R cand, abienderivatizaionygtowififupmacetivanid
anhydride, enantiomeric excess (column: Lipodex-E 25 m / O.%S Hlm%

2 f@lumn , the oftical

Coerars i iIsto ot R eis it SE o Liniey 26B6/0057
F’&%«é@%%@%@ﬂ?&@%&% Exemplenli(Riskethyl 16.4.

4-chloro-3-hydroxybutyrate In a 150 mL autoclave in an argon atmosphere
bis(l-isopropyl-4-methylbenzene)dichloro- ruthenium (7.6 mg, 0.012
mmal). () igand 434140 mop A @2SmenTel aptiaty 4mehlos-1,1"-biphenyl (fa;
3-oxobutyrate 98.4% (0.83 g, 5.0 mmol) is dissolved in degassed ethanol

(3 M Eafter 5I59MSE" e autoclave with argon hydrogenation is carried

oyt durine:Arhat B0.Ciand pisdharibydrogen preasORCKftes cooling to

room temperature the reaction solution is directly analyzed by GC for
conversion (column: HP-101 25 m / 0.2 mun) and cc (column: Lipodex-E

25 mhie3anm)- SinhyersiomisyBiResyaparsphind)SBIGiEC Eiphusid: RG)-

(.S)-Ethyl 4-chlprq-3-hydr wtyrate kra 1 tgela rgon
SRS o LTS bs Enet e e e ma,
0. DiLaminell yotatjelinaii thel 6-{Zidotaemds O:026 mb nid:Einy 43hforo-
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

dRisgndlie HT:80)cEdmnd athydaxyButyrhtsgen pressure. After cooling to
ropm (e Reraikia e fRactipR Aol isdiraaty (9.@6&}%%%@& BGAOr(+)-ligand Ia

conversion (column: HP-101 25 m /0. mn&? and cc (column: Lip?d%(_-E 4
25ih ) ;PR IeehaS R st0uE AP & 8r BEoATelRgolved in degasse
21efa 02l PHORYIFBMAE the autoclave with argon hydrogenation is carried out

during 6 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-10125m/
0.2 mm) and, after derivatization with trifluoroacetic acid anhydride, enantiomeric excess

(colurnn: Lipodex-E 25 m / (.25 mm). Conversion is 99.7% at an ee of 99.0%.

Example 18: (R)-Ethyl 3-hydroxybutyrate

In a 15 mL autoclave under argon atmosphere RuCl; (1.5 mg, 0.007 mmol), (-)-ligand Ib
(4.3 mg, €.007 mmol) and ethyl acetoaéetate (0.15 g, 1.1 mmol) 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 (colummn: HP-101 25 m/

0.2 mm) and, after derivatization with trifluoroacetic acid anhydride, enantiomeric excess

(colummn: Lipodex-E 25 m / 0.25 mm). Conversion is 98.3% at an ee of 86.7%.
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20 In a 15 mL autoclave in an argon atmosphere

bis(benzene)dichlor-ruthenium (2.6 mg, 0.005 mmol), (+)-ligand la (6.0

mg, 0.011 nnnol) and N-acetylaminocinnamic acid (0.53 g, 2.5 mmol) is
Wé)igg{c‘)(]@%?%ﬁ degassed methanol (5 mL). After flushing the au Sga%}g)%ﬂ}maés

argon hydrogenation is carried out durirpg 16 h at 40 C and at 50 bar

hydrogen pressure. After cooling to room temperature the reaction

%?&ﬂé%@g@?om@gﬁeﬁléwﬂ@dﬁﬁxﬁgﬁpm)yse% by HPLC for
conversion (column: piscno romas . .and enantiomer.
e S
ExamplenZ. NnAcoyl 1 spheinyla)diiaed| e 41350mig £L086lavaoi) 204 afigdri-chloro-
atmosphere bj dichlor-rutheni b i I :
B Y e R R RE R RS Ao are
(B:5Rigg 206 mindls dissolyedhinitayasted methiadoiusiming Ahef 80 °C and at
flushing the auto i ion.i ' i .
L —
temperatbredhcire aetionssultNTs U8 pbthfetrand - He W e 6o 67005759
fﬁg&@%@%/&%@?n@.@%’l@l}é%%@b@@ﬁ%éhﬁIeQJpgmnversion

(0]

column: Bischoff Kromasil 100 C8) and enantiomeric excess (column:
Nucleodex b-PM). Conversion is 34% at an ee of 66%. Example 23:

(@ggf}ﬁﬁ%damﬁlmﬁﬂhwbﬁ;@n@%&ﬂﬂé@mtm esat_er 5 Inha 15 mLI

autoclave In an argon atmospher IS -cyclooctadie -r Ium : .
At B 108 YRGB8 RSN e AR e (- B endichioro
meaehiand iy 02 Mmooty aiigrditndrhate 162§ ran® hmndlthy! 4-chloro-
dissolved in d sed methanol t j Ve, Withyuen;
SRR O e o
hyisreglenlpre sstirer aaitdrydoukngtienrssammietperditng the #e8fiGrnbat 4 bar
?%%%%%q%ﬁ@s%%%%@&%%%ﬁ?%@ﬁ&&ﬁ SRckaNH R GoisRORErSiBR Ly

Ischoff Kromasil 100 C8) and é/éGC for enantiomeric excess

(oBteivaed b SefeEcoBYRTSIO S Wiy, Eon(éréton (S F0B9 aPafesor™™
93 8%-Examplo 345 (BN GenasdoRanybylanine $6vn a 15 mL

autoclave in an argon atmosphere bis(1,5-cyclooctadiene)-di(iridium(l)-
dichloride) 98% (6.7 mg, 0.010 mmol), (+)-ligand la (11.0 mg, 0.020

MGk HeNAY ATABEyl-D-phenylalanine
In a 15 mL autoclave in an argon atmosphere bis(benzene)dichlor-ruthenium (2.6 mg,
0.005 mmo}), {+)-ligand Iz (6.0 mg, 0.011 mmol) and N-acetylaminocinnamic acid {(0.53 g,
2.5 mmol) is dissolved in degassed methanol (5 mL). After flushing the autoclave with
argon hydrogenation is carried out during 16 h at 40 °C and at 50 bar hydrogen pressure.
After cooling to room temperature the reaction solution is evaporated and the residue
analysed by HPLC for conversion (cotumn: Bischoff Kromasil 100 C8) and enantiomeric

excess (column: Nucleodex b-PM). Conversion is 100% at an ee of 43%.

Exampie 22: N-Acetyl-L-phenylalanine

In a 15 mL autoclave in an arpon atmosphere bis(benzene)dichior-ruthenium (2.6 mg,
0.005 mmol), (-)-ligand Ib (3.2 mg, 0.006 mmol) and 2-{N-acetylamino)-cinnamic acid
(0.53 g, 2.5 mmol) is dissotved in degassed methanol (5 mL). After flushing the autoclave
with argon hydrogenatior is carried out during 15 h at 40 °C and at 50 bar hydrogen

pressure. After cooling to room temperature the reaction solution is evaporated and the
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(5.6 mg, 0.052 mmol) and N-benzyl-N-(I-phenylethylidene)amine (0.21 g,
1.0 mmol) is dissolved in degassed methanol (5 mL) and stirred for lh at

room tempz)erature. After flushing 20 the autoclave with arg

2006/0027 88?/%31;?&}(8@6)3%063

pressure. The reaction solution is directhzanalysed by GC for conversion
(column: HP-101 25 m / 0.2 mm) and enantiomeric excess (column:

M@ﬁb@é%%u/@@%%mg?@ewgggx%m%ﬁﬁ%%@?mh E|ﬁig@' iis lanoaal@?md
an ee of 29%. xample 25: (S)-N- ei%% enget gmine Inals ..
LIRS T AR (o] ggpg]m HSASaLES . Conversion 1 oataneco
bis(1,5-cyclooctadiene)-di(iridium(l)- dichloride) 98% (6.7 mg, 0.010

ol), (+):li Ic (5,7.mg, 0.01Q mmol), benzylamine (5. 0.052
B R e O R
dissohedlireoeghssad memi_gan@t@ﬂpi@@h@(étﬁfe@mdﬂaéﬁﬂmémm@
SRS S BRSO o e I 100, DIAoaaneL AR ety

carried out durin a ar hydrogeii pressure.

réaGtonctdation is directyedAd et bpGa fordewiersiorgshgmmethancl (6
HB1104 22 M MY A0d:e0 %@ﬁﬁ%ﬁ%ﬂ%@&a@%}ﬁc{ﬁ&ﬁmmed out during 15 h at

Macherey-Nagel, "Nucleodex Beta-PM C ). Conversion is 100% at

aReEoriess Mo bosrI0rTs Y P A At PoUUS HOBTES L PAPEREHT i swction
(%Li%%i@ﬁé&%ﬁ@%%&fﬁﬁ@mﬁgggiﬁé@wmd : tawlign (ﬁ)rlr@?‘i}ﬁfﬁtfil)(coluéngx Bischoff
tetrafluoroborate (2.1 mg, 0. mmol) and ligand (+)-lc (3. :
G R B i RSB Hb R P WS HIP R

under ot aimasphéra 0Die thyddtaremate. (97%, 0.15 g, 0.9 mmol) is

added 5 via syringe. After flushing the autoclave with argon,

hydrogenation is carried out during 1.5 h at 23 C and at 2 bar hydrogen
prEssomde THe(fabtiBengpldtiphasyditbptiysdnalysed by GC for conversion

(cplym; HF104 27 B 40 LRt RRAR oMot RUC R SRIIHM A um(D-
Ma_c%ere_:y-Naagel, Nucleodﬁggegta-P CCZO%i}}j. %onversiggr%qis i1300% ap _
arficbloridoods %d Exaapfe028 mmrylbiktigppehEthy st Etn&(&20 mmol), benzylamine
Big(%m; ,Xﬁm%ﬂlﬁ;ﬁﬂdhﬂsﬁﬁﬂg}(mtﬁuﬁﬁky@ietm&t&@aﬁama(@z@%? nraghol) is
and (-)-ligand Ib (3. mg% 0.006 mmol) are dISSO|V%d in 5 mL degassed
mawsshisriin deggssad me hano! (5 mL) and stirred for 1h at room température. Afier
flushing '
the autoclave with argon hydrogenation is carried out during 17 h at 30 °C and at 50 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 29%.

Example 25: (S)-N-Benzyi-l-phenylethylamine

In a 15 mL autoclave in an argon atmosphere bis(1,5-cyclooctadiene)-di(iridium(l)-
dichloride) 98% (6.7 mg, 0.010 mmol}, (+)-ligand Ic (5.7 mg, 0.010 mmol), benzylamine
(5.6 mg, 0.052 mmol) and N-benzyl-N-(1-phenylethylidene)amine (0.21 g, 1.0 mimol} is
dissolved in degassed methanol (5 mL) and stirred for 1h at room temperature. After
flushing the autoclave with argon hydrogenation is carried out during 15h at 30 °C and at
50 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 10%.
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15

autoclave under argon atmosphere. Dimethyl itaconate (97%, 0.15 g, 0.9
mmol) is added via syringe. After flushing the autoclave with argon,

Wgﬁ,%% jon is carried out during 15 15 h at 23 C and at %8@&%} rogen .

préssure. The reaction solution is directly analysed by GC for conversion
(column: HP-101 25 m / 0.2 mm) and epantiomeric excess (column:
Macherey-Nagel, Nucleodex Beta-PM CC200/4). Conversion is 60% at an

Cf D MP) 2RRLIA TR IRGTAER2R05/006063 25 Claims 1. A

process for the preparatiop of asymmetrically substitute .

R CSIAE TR S FOTFA A B 05 P A% SR e
i5-GYG31kyl00 .0 tarsynlealkidsoptidriatynsidstitated methapnkioe fford.

halogen atoms, and R2 and R3 are independentl egted fr

i e B e e B
meietyisepitnaflyshilstiatedonlitheoritharses, owe sustn i msrssl cbtaliring
from the gr onsisti ogQer itras Aning, .Cls Gralkyl o Ty
R e i el st y
Ol cBLalkonyerdicCk o lafikyl dMin 6 labrT - foteyo erikAegrsumrie RECE doRlgmn:

OR&%QJ%—@%_@Q Rubstituted withone onmore RalRagRaLoMSY2A an e of 30%.

comprising afirst reaction sequence, wherein one bromine atom of
2,2',6,6'-tetra- bromobiphenyl Br Br / ~ Il 25 Br Br is exchanged with OR'

bEMQQWﬁmwﬁ§%m9§Mmgent metal-hydroxy exchange,

foggg?ﬁchglggcgg%&%? %b%?u?&%rget?a%%g ggrgge ?ﬂ%@f‘ 4)6.1005 mimol) and
{—)-ligand Ib (3.2 mg, 0.006 mmol) are dissolved in 5 mL degassed methanolina 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 (column: HP-101 25 m / 0.2 mmy) and enantiomeric excess (column:

Macherey-Nagel, Nucleodex Beta-PM CC200/4). Conversion is 60% at an ee of 24%.
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WO 2006/002729 PCT/EP2005/006063 26 RI O Br IV Br Br wherein R’
is as defined above, and a second reaction sequence, wherein one

Wg;%%gmgz%fm of each aryl moiety of the compound of forrr1|;flJ:qu:\M§9m06063

anged with iodine by halogen-metal exchange and 10 subsequent
metal-iodine exchange, to afford a compound of formula RIO Br E/ 15V
I I and further reaction sequences, wherein each reaction sequence
¢ampises at least one halogen-metal exchange and subsequent
metal-substituent exchange with the respective substituent, thereby
exchanging the respective bromine atoms with 20 substituents selected
from the@reupeansisingrafiy dfagenaidaibyyptsplehblamldphosphine ligands
1.6-a|§yl%1%?%h'ﬁno and di-Cs-10-cycloalkylphosphino. 2. The process of
claim ,t Pithe first halogen-metal exchange is carried out with one
equivalent of n-butyllithiunkat a temperature below -40 C, the
metal-hydroxy 25 exchange is,carried out by reacting the metallated
intermediate with a borane oy'organoborate and subsequent reaction with
a peroxy compound in th gofan alkali and/or earth alkali

hydroxide, and the alky s-cafyied gut with an alkylating agent in the
presence of a base. 30 3==H 2ss-0f any of claim 2, wherein the
borane or organoborate is flug thoxy- borane ethyl ether adduct or

trimethylborate. WO 2006(00: PCT/EP2005/006063
wherein R! is Cye-alkyl or Ca.jo-cycloalkyl optionally substituted with one or more
halogen atoms, and
R? and R? are independenily selected from the group consisting of aryl, Cs.j0-cyclo-
alkyl and Cj.¢-aikyl, wherein each aryl moiety is optionally substituted with one or
more substituents selected from the group consisting of halogen atoms, nifro, amino,
Cr¢-alkyl, Cr.e-alkoxy and di-C¢-alkylamino groups, and each C1.¢-alkyl,
Cre-alkoxy, di-Cy¢-alkylamino and Cs.io-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"-tetra-

bromobiphenyl

Br Br

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

exchange, followed by an alkylation, to afford a compound of formula



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

w@'z H}%{%egrbenzoic acid and tort -butyl peroxide. 5 5. The R a’ir%(fg"%’m{“
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of claims Z2to 4, wherein the alkylating agent is a ClI-6-alkyl
C5_io-cycloalkyl halide or dimethyl sulfa#®. 6. The process of any of
claims 2 to 5, wherein the metal-iodine exchange of the second reaction
sequence is carried out with at least one mol of elementary iodine per 10
equivalent of metal. 7. The%rpcess of any of claims | to 6, wherein a
further reaction sequence is cérriégf out starting with the compound of
formula V, comprising a lpw témperature halogen- metal exchang&of one
iodine atom of the aryl oiet)\ onta o halogen atoms 15 and
subsequent metal-phosphine £xcha o afford a compound of formula
RI O Br VI 201 P(R3)2 wherein R' i5 as defined above, and R3 is selected
from the group consisting of af, §B.I0-cycloalkyl and CI-6-alkyl, wherein
the aryl moiety is optionally substituted with one or more substituents 25
selectedfiGH fhaSgrotip eehaitifg of halogen atoms, nitro, amino,

Cl.6-allyd, GlGratkexitionddiz61B; alikylaming: grotips: a0th edehck hblatkylkty of the
Cl-6-alicoxy, di- Cl,5-alkylamino and C5_lo-cycloalkyl group in R3,
option&fPBSHY %&?ﬁ@%rpvﬁtﬁx% g?"el?]cg e%ﬁ%i L grghange and
remainiabsiodine i o ithece dimpew nd afdel metaiusdrepfacediin a low

30 temperature halogen-metal exchange and subsequent

metal-phosphine exchangeito afford a compound of formula WO
2006/002729 PCT/EP2005/00606% 28

I 1

and further reaction sequences, wherein each reaction sequence comprises at least

one halogen-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 and diarylphosphino,
di-C.g-alkylphosphino and di—Csﬂlo-cyckoalkylphosphino.

2. The process of claim 1, wherein the first halogen-metal exchange is carried out with
one equivalent of n-butyllithium at a temperature below —40 °C, the metal-hydroxy
exchange is carried out by reacting the metallated intermediate with a borane or
organoborate and subsequent 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.

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

borane ethyl ether adduct or trimethylborate.



RIOBr/\-VIl 3(R2}2P P(R )2 wherein R'is as defined above, and R2
and R3 are independently selected from the group consisting of aryl,

W((3)5 I?{-Oc%%gclo- allryl and Cl.6-alkyl, wherein each aryl mmety&g&%&@/%m“
sttu e gro
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€& with one or 10 more substituents selected from't up
consisting of halogen atoms, nitro, amin@y C1.6-alkyl, Cl.6-alkoxy and
di-Cl-6-alkylamino groups, and each CIS-alkyl, Cl.6-alkoxy,
ditCl-Gratkptameinomnaic ot cytiaslkyhe igpxin KRRsna RS witiosbflym the group
being substituted.with one or more halogen atoms, and the.remainin
prom ST W ECHRD e B G R T AP 00 Lo and
hydrogen-bythighrteiiperature halogen-metal exchange and subsequent
reaction with a proton donor, to afford higands of formula Ri 0 20 I,
(R2)2P P(R3)2 wherein R', R2 and R3 are as defined in compound VII
above 25 Botens pfonrss dtictaibia4yitersin the daibgos-raethisht thaliyl
metgl-g@ggg ipe  exchange seqHencesRaah alg.garred out using two
equivalents of the respective agents. 9. The process of claim 7 or 8,
wherein each low temperature halogen-metal exchange 30 is carried out
wWih n-butyilithium, at 3, tereperatung belaw-49 o prelfersbleiniientangehe second
of-40 to -90 C. WO 2006/002729 PCT/EP2005/006063, 29 10, The ..
procesEMIARRTAPBFBERHERGN hE fiigh AT SraRE h S%%‘B%’Pf?ﬁ%’e‘% ine per
exchanggiilent of metal.

7. The process of any of claims 1 to 6, wherein a further reaction sequence is carried out
starting with the compound of formula V, comprising & low temperature halogen-
. metal exchange of one iodine atom of the aryl moiety containing two halogen atoms

and subsequent metal-phosphine exchange, to afford a compound of formula
1

R
\
O Br
()
3
I PRY,

wherein R! is as defined above, and

R’ is selected from the group consisting of aryl, Cs.jo-cycloalkyl and Cy.s-alkyl,
wherein the aryl moiety is optionally substituted with one or more substituents
selected from the group consisting of halogen atoms, nitro, amine, Cy.¢-alkyl,
Ce-alkoxy and di-Cy¢-alkylamino groups, and each C,¢-alkyl, Cr.¢-alkoxy, di-
Cy.g-alkylamino and Cs.yp-cycloalkyl group in R? optionally being substituted with
one or more halogen atoms,

and the remaining iodine atom of the compound of formula VI is replaced in a low
temperature halogen-metal exchange and subsequent metal-phosphine exchange, to

afford a compound of formula
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carried out with n-butyllithium or tert-butyllithium at a temperature of at
Ieast +0 C, preferably in the range of +0 to +40 C. 5 1.1. The process of
wherein the metal-phosphine exchange is carrj %%
mﬁm‘#gzsgphlne of the formula X i VIIl, R'rP~R 10 wherein %Hé ﬁ#ﬂ%}(s
bromlne or iodine and R are equal and &% RZ or R3, wherein R2 and R3
are as defined above. 12. The process of claim 11, wherein the
halophosphine of the formlﬁa VIIl is selected from the group consisting of
halodi-(Cs-to-cycloalkyl)phos 'r‘grs and halo 15 diarylphosphines,
preferably is selected from th)e group consisting of chlorodicyclo-
hexylphosphine, bromogjgyciphexylpfiosphine, chlorodiphenylphd$phine
or bromo- diphenylphosphine 3= he pyocess of any of claims 7 to 12,
wherein the hydrogen do from 20 the group consisting of
Cl_3-alcohols, water, HC@ IE@;%;Ikanom acids. 14. Compounds of
formulaR O 251, (R2)2 3)2 whérein R' is Ci_6-alkyl or
C3-m-cycloalky] optlonally substituted with one or more 30 halogen
atoms VaRE % EEFOPETEP2005/006063 30 R2 and R3 are

indepegfdgntiy’selected dranithe geoup soRsistingoap @bﬂs&ﬁgl@f@yﬁlass m»«cycio-
alkyl and Cl.6-alkyl, wherein each ryI 0|et iS 0 t| bstlt ted

one orai}ﬁé@ggbﬁﬂi}{é’htg']é‘gfﬁj&t Hgraid %6 ﬁgg?)??ﬁa 58 B o

atomsniiteGudiiinents selected from the group consisting of halogen atoms, nitro, amino,

Cy.¢-alkyl, Cy¢-alkoxy and di-Cy.g-alkylamino groups, and each C;¢-alkyl,
Ci¢-alkoxy, di-Ci.¢-alkylamino and Cs.je-cycloalkyl group in R®and R? optionally
being substituted with one or more halogen atoms,

and the remaining bromine atom of the compound of formula VII is replaced with
hydrogen by high temperature halogen-metal exchange and subsequent reaction with

a proton donor, to afford ligands of formula
1

&\
0

(<) L
®HP PR,

wherein RY, R? and R? are as defined in compound VII above.

8. The process of claim 7, wherein the halogen-metal and the metal-phosphine
exchange sequences each are carried out using two equivatents of the respective

agents.

9.  The process of claim 7 or 8, wherein each low temperature halogen-metal exchange
is carried out with n-butyllithium at a temperature below —40 °C, preferably in the
range of —40 to —90 °C.



Cl-6-alkyl, Cl.6-alkoxy and di-C1.6-allcylamino groups, and each
Cl.6-alkyl, 5 C,-6-alkoxy, di-Cl-6-alkylamino and C5-10-cycloalkyl group in

W%Zmar)]/gﬁ%% 9optlonally being substituted with one or more h@@gﬁgggﬁg@%}“

5

10

15

20

25

30

ompounds of formula R 10 O BrV, |1 15 wherein Rl is
Ciao-cycloalkyl optionally substituted witB%ne or more halogen atoms.
16. Compounds of formula ~ 20 R O Br VI, | P(R3)Z 25 wherein Rl is
C 18-alRfiear@8st@icyeivalla bptiomeintheinghdaretrater hatbgomenotel exchange is

more halogan, a2 ﬁﬂ&ﬁ?&??&?ﬁbﬁ%t’ﬁi‘ﬁrﬂ. @%B&%ﬁﬁ&%?%ﬁ@ﬂst +0 °C,

C5_10-cycloalkyl and Cl.6-alkyl, wherein each aryl moiety'is optionally
substititetaiy Bhdoreriselstistitdents selected from the group

consisting of halogen atoms, nitro, amino, Cl.6-alkyl, 30 Cl-6-alkoxy and
di-C1.6-alkylamino groups, and each Cl.6-alkyl, Cl_6-alkoxy, di- )
C,16-allPaRTRiEsan %%%696%%&%%%@% OGRS carried out
substityteehwith e HhMOsE thalkgeniatoms. WO 2006/002729

PCT/EP20051006063 31 17jLCompounds of formula RI 0 Br5/\ VI,

1

}

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

R* and R* are as defined above.

12. The process of claim 11, wherein the halophosphine of the formula VIII is selected
from the group consisting of halodi-(Cs.jo-cycloalkyl)phosphines and halo-
diaryiphosphines, preferably is selected from the group consisting of chlorodicyclo-
hexylphosphine, bromodicyclohexylphosphine, chlorodiphenylphosphine or bromo-
diphenylphosphine.

13, The process of any of claims 7 to 12, wherein the hydrogen donor is selected from

the group consisting of Cy.;-alechols, water, HCI and C.z-alkanoic acids.

14, Compounds of formula
1

N\

O
() L
®H),P PRY,

wherein R} is Cis-alkyl or Cs.qo-cycloalkyl optionally substituted with one or more

halogen atoms, and
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independently selected from the group consisting of aryl, Cs-lo-eyclo- al
W) AR

(R2)2P P(R3)2 wherein R1 is C1-6-alkyl or C3.1o-cycloalkyl optionally
being substituted with one or more halogen atoms, and 10 R2 and R3 are

alkyl, wherein each aryl moiety is optionally substitu
or more substituents selected from the 3®oup consisting of halogen
atoms, nitro, amino, C1.6-allcyl, C1_6-alkoxy and di-C1_6-alkylamino

groupr’and Rheh GldpentisnC hkleaikd Ryt HE bfwallopesising afidryl, Cs.io-cyclo-

Cs_1lo-¢ycloalkyl group in,R2.and R3 optionally 15 bei ' it

one o lr%)fr%%? bﬁ"g'Maﬁrr;hse.rei% “Gaé'st comy O%na sh%%%%r%%%%ﬁ%%gl%gg%m o
_ (R2)z2ReRER)ZnerieselecRd i@ 1h6-gityp orBBing of didaliey dptivnailye. amino,
substituted with one > halogen A
indep&éé%lgé’sgéé%g{? oérﬁdﬂélg g‘f&%%%%ﬁg%% oqé?%aéasqh%%b%%%@ _

alkyl aficks@liceeal kA whekshiaticrrahyF morstsiostsptigranysibattRe gptionally
with ope; or ;more suPstiushis selscted from fg.group consisting of

halogen atoms, nitro, amino, C1.6-alkyl, Cl.6-aikoxy and

di-C16-alkylamino groups, and each C1_6-alkyl, 30 C,.6-alkoxy,
dirggl.@@}H@ggﬁﬁmmgg-lo-cycloalkyl group in R2 and R3 optionally

being substituted with one or more halogen atoms, for the preparation of
catalytic active complexes}”d(transition metals, preferably of ruthenium,
rhodium or iridium. O Br

Sy,
11

wherein R} is C,¢-alkyl or Ca.jp-cycloalkyl optionally substituted with one or more

one

halogen atoms.

16. Compounds of formula

1

N
O Br
()
3
I PR,

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

R? is selected from the group consisting of aryl, Cs.ig~cycloalkyl and Cy¢-alkyl,
wherein each aryl moiety is optionally substituted with one or more substituents
selected from the group consisting of halogen atoms, nitro, amino, Cj.¢-alkyl,
Cie-alkoxy and di-Cj.s-alkylamino groups, and each Cy.¢-alkyl, Ci-alkoxy, di-
Cy.¢-alkylamino and Cs.jo-cycloalkyl group in R’ optionally being substituted with

one or more halogen atoms.
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Compounds of formula
1

N\

O Br

ate

®H,p  PRY,

wherein R is Crg-alkyl or Cyyp-eycloalleyl optionally being substituted with one or
more halogen atoms, and

R? and R? are independently selected from the group consisting of aryl, Cs.ig-cycio-
alkyl and C,4-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, Cie-alkoxy and di-C,¢-alkylamino groups, and each Cy.¢-alkyl,
Cyg-alkoxy, di-C|-alkylamino and Csp-cycloalkyl group in R* and R’ optionally

being substituted with one or more halogen atoms.

Use of compounds of formula [,

1

B

O
S0
®),P  PEY,
wherein R! is Cyg-alkyl or Cs.jp-cycloalkyl optionally substifuted with one or more
halogen atoms, and
R* and R® are independently selected from the group consisting of aryl, Cs.je-cyclo-
alkyl and C, ¢-alkyl, wherein each aryl moiety is optionally substituted with one or
more substituents selected from the group consisting of halogen atoms, nitro, amino,
Cigaikyl, Ci.¢-alkoxy and di-C;.¢-alkylamino groups, and each C¢-alkyi,
Cy¢-alkoxy, di-Cy.¢-alkylamino and Cs.jo-cycloalkyl 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, rhodium or iridium.



