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Inofahd ' PCTeGaadiegrahedron Letr. 2002, 43, 2789-2792 the use of methylenedioxo and

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

substituted biaryldiphosphines and catalysts derived therefrom is disclosed.

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

substituents to complex a transition metal. Known examples of ligand systems
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(54) Title: PROCESS FOR THE PREPARATION OF ASYMMETRICALLY
SUBSTITUTED BIPHENYLDIPHOSPHINES RO (R%1' P(R3)2 (57)
Abstract: Provided is a process for the preparation of asymmetrically
substituted biaryldiphosphine 12gands of'the formula (1), wherein R 'is

Ci-6-alkyl or C3-ro-cycloalkyl optignally substituted with gne or more
IR A e e e R eEtoRp As aare
emﬂgiathiiqirmﬂg@slﬁﬁsﬁm@ed@yal?ﬁ@M@dfyg@@foﬁﬁéﬁ@imam@ﬂ@fl
or C1.6-alkyl, and R is aryl optionally substituted with one or more.
3&1@5&&%??% R 5 ﬁ?gta%‘gy&%%@&%r%@}-ﬁ%%%f rrf DS
2 IS diphbnalishibs Shinbyaighen i dlek- () Gialkhdainisiegred pEdepg @aeliomeric
C1-6-alkyl, Cs, o-cycloalkyl, C,.6-alkoxy and di-Cr.5-alkylamino group in
CRFSS Eez%fgfo/btionally being substituted with one or more halogen
atoms, from 2,2',6,6'-tetrabromobiphenyl by a sequence of brominemetal

) exch s an bse actjons, O Pl | Process for the | i
A e e AT A TR RN PR BAGR rically substtted
bRarepasat duahe danlissne saahy thipel 6OIFIp Bdsdissiiitpbidab bio dier e ¥eoad

the effect.of pharmaceutically active compounds and tq restrict unwanted
VAR @ﬁ%%swmﬁ%rﬁ%ﬁgﬁ%ﬁﬁm%ﬁ%% cess for

the preparation of asymmetrically 5 substituted biaryldiphosphine ligands

and transition metal complexes thereof, fqr.the hydrogenation of

F O e B e ST A A SPGB Rsacte bad 0
beatadydtnttysl dgsiaaiion iSchemef thenmnostgifisienprag saeveignsbiphenyl genera-
methods for preparing a wide range of enantiomerically pure compounds.,

199, 5% I THBIHGAS OO 115 B 0 BURGBISH i OIERU LAY Bospline by
cORRMRataVica] activenaanipeodidscand sheppoinadonipenest, EnrdsigPfyorine,

n increasingly important role |n synthetic chemistry. Several diphosphing
c £ fﬁgg%ﬁégemsﬁwaiﬁg%mrh% }H?iﬁﬁ%ﬁ?em SR5Afehed to the

6BINARBn CHIRARIO S KD KD R, DU O niE GREH $9@9d SINAPEIR SDEsponds, O.,
thods for preparation, of biaryldiphosphine ligands of the BINAP,
SRS Ant? OB S TS Seoch o0 B A8 nucleo-
pHRc/AmBhA4RRAOMNY Ohbs bR 62Smresp egiielyioh U ABlRDIE-benzo[b] phosph-
1&%@%& /0528 %ﬁ%ﬁ%ﬁ?ﬁo@%@?gggﬁﬁ a];g}%rclagc e%etgv ctel\{gvggltive ligands are

depicted in Scheme 1 below,

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

active compounds with an enantiomeric excess (ec} of at least 90 %.

Here and hereinbelow the term “Cj.,-alkyl” represents a linear or branched alkyl group
having 1 to n carbon atoms. C;.¢-alkyl represents for exampie methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, fert-butyl, pentyl and hexyl.

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

1sopropoxy, butoxy, isobutoxy, sec-butoxy, ferf-butoxy, pentyloxy and hexyloxy.
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20 In Pai, C.-C. et al., Tetrahedron Lett. 2002, 43, 2789-2792 the use of
omnatdrylenmdioxo and ethylenedioxo substituted biaryldiphosghieg: begiRASso64

for the asymmetric hydrogenation of ethy 4-chloro-3-oxobutyrate is

described. Further examples for the preparation of biaryldi- phosphines

BBKkERRYT LIRSS %@%M&@W&ﬁem@bﬁﬁm@@%ﬂm ligands.

biaryidi;. phosphine ligands are disclgsed in EP-A-0 926 152, EP-A-0 945

457 apd EP-A-0 955 303. 25 Usually*both symmetrically and A

FiARS are claimed,

substituted biaryldiphgSphines and catalys@ @fi egh,

unsyngnetr
therefrom is_disclosed. 30 Biaryl diphosphine ligands consist of thtee

different moieties, a rigid biaryl cofe, substi- tuents to hinder biaryl rotation
and usually two ghosphine grgdps with voloxginous substijgents to
tems

complex a transition metal. Known examples of ligand sy 2 have
symmetric substitutioi patterns of the core and identical phosphine
groups. As a rare--eampleMO-A-02/40492 djsclgses asymmetric

hydrogenation ¢ @1 0 @

A ;
the ligand (S)'ﬁoxy-
-hiphenyl. The (S)-alcahol ig obtained with an

2,2'-bis(diphenylphosphino i
enantiomeric 5 exceds (E&FoP83%. EP-A-08£#48 khd WO-A-02/40492

claim diphosphines withasymmetrically substitutéd biaryl orﬁa%t the
disclosed SfHetR{principles are netsyitableto produc road” variety
of different asyaimetrically stpstituted bidryfdiphosphine ligaftds. 10 For

thesis of the inventive asymmetric biaryldiphosphines a major
€ had to be overcome as depicted in Scheme 1. Any

igheR pediate
() loy)

with a second chlorotliprgatiytghosphine compoiet,

singkgHluarags 3y chlorine or brominefatom or a single methgx %P PR,
dimethylamino group was attached to 6-position (Miyamofo, T.K. et
with X ©aRogIeR:COeTH, 1R80H3)4 3, -€12; Desponds, 0., Schlosser,
M., J. Organomet. Chem. 1996, 507, 257). The compounds undergo
nucleo- philic substitution at the phosphorus atom and cyclization to afford

Héeheazatipnesh tirdelt (phesehAlivarensg )k Kaawn RIS broup having

aPproa hes to the inventive ligands are o
Jton on atoms. Cs.jg-cycloalkyl represents mono- and polycyclic ring systems such as

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

Here and hereinbelow the term “C.cycloalkoxy” represents a cycloalkoxy group having
3 to 1 carbon atoms. Cs yp-cycloalkyl represents for example cyclopentyloxy,
cyclohexyloxy, cycloheptyloxy, cyclooctyloxy or cyclodecyloxy.

Here and hereinbelow the term “di-Cy.¢-alkylamine” represents a dialkylamino group
comprising two alkyl moieties independentiy having 1 te 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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20 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 %. 25 Here and
hereinbelow the term "Ci_.-alkyl" represe‘ﬁts a linear or branched alkyl
roup havmgtﬁltg n carbon atoms. CI.6- -alkyl represents for example

By e o185 b BRATTS B, Bevnssy B tRkrplitybenyl or
) SIeySLBGIRIARCNSIRBIE Bl dnetlK Pioke BREEURALS, nitro and/or
linear or ranched alkoxy r 30 having 1 to n carbon atoms.
W&W} @@Bﬁ!ﬂ&ﬂ% FiEYsE Ro)yrle ko spbissxyor di-C;-s-alkylamino
kopoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentyloxy and
hexyloxy. WO 2006/002730 PCTIEP2005/006064 3 Scheme 1:
Unsuccessful approaches to asymmetrlcally substltuted diphosphine

Higa03 ndnBRRE b2, b A Tl !, propanol and
(H5C6)2P Li PR2C;\' [UC6H5] 2CI 15 P >

(C6H5)2 (H5C 2P PR
ispRFPRaESl, F, Cl, Br, OCH3, N(CH3)2 C6H5 20 Here and hereinbelow the
term "C3.,,-cycloalkyl" represents a cycloaliphatic group having 3 to n
carbon atoms. C5_,0-cycloalkyl represents mono- and polycyclic ring
Hiyaend DeTrRinDSlow B risEnt ty@%@@P agidlshegpaasanys fsemic, acid, acetic acid
A8 3maRR;ohaarbornyl. 25 Here and hereinbelow the term "C3.,;
cyCloalkoxy" represents a cycloalkoxy group having 3 to n carbon atoms.
C5-10-cycloalkyl represents for example cyclopentyloxy, cyclohexyloxy,

c&sﬂm@iﬂé @%WPM&%%%&%@&M QIRDEIML Ertatysts,
term "di-Ci_6-alky

lamino” represents a dlag%amlno group 30 comprising

xR effgrt icmamida imupeyriarlepthat e et danss ebasifisie capbsts particularty
TRRRGFERIRAER S iatexARRe Y dirrtviarinarMiadiethylamino,

N- ethyl-

- The techmcal pmblem to be soived 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
1o establish said process in a robust manner o provide suitable amonnts of ligands for the
pharmacenfical indusiry. Furthermore, the general concept should start with an easily

- gvailable compound and should contain few reaction steps, allowing the svathesis of 2
" . wide variety of ligands, only depending on the reaction sequence.

The problem could be solved according to the process of claim 1.

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

biarvidiphosphine ligands of the formula
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N-methylamino, N-methyl-N-propylamino, N-ethyl-N-hexylamino or
N,N-dihexylamino. 4 Here and h 'below the tarm "aryl" represents an
aromho group, preferably phenyl or naphthyl optionally being firrther
substituted with one or more halogen &t®ms, nitro and/or amin o groups,
and/or optionally substituted Cis-alkyl, CI..-alkoxy or di- C1 6 -alkylamino

ovdispsin R ey € ppalbgireihelowtieda) dpauAls

hanol ethanol propanol and isopropanol. Here ad herelnbelow the
s represents formic acid, acetic acid 10 and propanoic

amﬁméwmmmsm&m% e @iisientasion oirargymes,

natural gre o[t is spent to m3prave select|V|tyand o
AR T T UL N e R L —
ALV G < e ! gm

mmmdsmmmmwmm%é%

invention.wa

p

m@cess ina robust manner to prowde swtable amounts ofllgands for the

aI ermore gen conce t should start W|th an

st S AORGEt, e,

e proble C uld eoIv accordlng tot processof

O FERSY iR a process for the
mmm@mmww@mm@rm rhqsREBBIeaNaSSS 18%R? and

gnula R 0, (R5zp P(R )2 4a, wherein R Isha(l] or C o- cycIaI
O R B SO RSHL BB S o mor

comprising & first reaction sequence, wherein one bromine aiom of
2,2°,6,6"-tetrabromobiphenyl

Br Br .
is exchanged with-OR! by bromine-meta] exchanges and subseguent metal-hydroxy
exchange, foliowed by an alkyiation, to afford a compound of formula

1
Ry
0O Br

=

Br Br

wherein R’ s as defined above,

and further reaction sequences, wherein each reaction sequence comprises at jeast
one bromine-metal exchange and subsequent metal-substituent exchange with the
respective substituent, thereby exchanging the raspective bromine atoms with



halogen atoms, and RZ and R3 are eqtW and are selected the group
consisting of aryl, Cs-je-cycloalkyl and Cg4- aryl moiety is optionally
substituted 5 w& one or more substituems selected the group consisting
ofhalogen atoms, nits, amino, CJ-6> C#8' xy and di-Cg 6 groups, or RZ is
Ca-s- or Csto-cyclo R3 is aryl options'lly y substituted with one or more ts

sklettedd caictdiedgionp the gsistincpathaing efl ataros-nifie; ntighddphine,
:6 Cg-6.xy and.di-C .60.getups, and.each Cg Cs-6- xy, di-C o and
(g“%%bsc C @%%%Dﬁﬂdﬁglgg??fﬁﬁgﬁc é}?ﬁg@ﬁ%’&ituted with one or

more halogen atoms comprising a first reaction sequence, ' one of 15
7% obioh e B B M B2 madioedhiin O, by
bromine_MMtal exchange and subsequent metal hydmxy exchange,
followed by an ' slicyiadRR, to afford a compound of formula RI O Br 25 N
Br Br wherein R' is as defi -.- above, 30 and further reaction sequences,
wherein each reaction seq

ence comprises at least one bromine-metal

exchange and subs e ~ ~~~~~ stituent exchange with the
respective substitu -@ . ging the respective bromine atoms

with 4b substituents\selegted fr§; group consisting of hydrogen and
diarylphosphino, di-Cl-6-aikylphtospbino and
di-Cs_u-cycIoaIIcyIph((E:'pEﬁ’no.msl")gther aspect, there is provided
compounds of formula 5R 0

wherein R' is Cy-alkyl or Cayp-cycloalkyl optionsliy substituted with one or more

halogén atoms, and

K’ and R’ are equal and are selected from the group consisting of arvl,
Cs.yo-cycloalicyl and C,¢-alkyl, wherein each aryl moiety is optionally substitted
with one or more substituents selected from the group consisting of halogen atoms,
nitro, amine, Cy¢-alkyl, C;.¢-alkoxy and di-Cj¢-alkylamino groups, '
or

R is Csqo-cycloalicyl or Cy4-alkyl, and R’ is aryl optionally substituted with one or
more substituents selected from the group consisting of halogen m, nitro, amino,
Cig-alkyl, Cyg-alkoxy and di-C,.s-alkylamino groups,

and each Cy.¢-alkyl, Cso-cycloalkyl, Cy.¢-alkoxy and di-C;.¢-alkviamine group in R2
and R’ optionally being substituted with one or more halogen atoms.

In further aspect, there is provided compounds of formuia

Br Br

wherein R’ is C;¢-alkyl or Cs.so-cycioalkyl optionally substituted with one or more
halogen atoms.



10

2(

25

30

0 10 CO52P P(R3)2 wherein R' is Ci-6-alkyl or C3_'o-ecycloalkyl
optionally substituted with one or more halogen atoms, and R2 and R3
are equal and are selected from the group consisting of aryl,
Cs..i(r)-cycloalkyl and CI-6-alkyl, wherelh each aryl moiety is optionally
substituted 15 with one or more substituents selected from the group
1£9RsIgl| f ' mQ, Cis-aikkyl, C4.6-alkoxy and
O b e RSP - e s i
aryl optionally substitutecli with one or more substituents selected from the
group consisting of hal®gen atoms, nitro, amino, 20 CF-6-alkyl,
Cl-6-alkoxy and di-CFg?%groups, and each C1.6-alkyl, Cie-cycloalkyl,
C4.6-alkoxy and di-C14-glkyl o group in R2 and R3 optionally being
substituted with one /’ i
provided compound

»VL 30 Br Br wherein Rl is Cl-alkyl
or C3'Q-cycioatkyi @ stitufed with one or more halogen atoms.
4c In yet another asp Is,provided the use of compounds of
formulal, RIO 5 _ PP ?(Rﬁ)g wherein R' is Cl.fr-alkyl or

S R bRt g oo o mor
b@hgsm@qmarw,d Cs-swgyoloalkyl and Cis-alkyl, wherein each aryl

ROl ﬁ%ﬁ%@ﬁﬂy a%'ﬁbasrte'tget‘%%\;ed from the group consisiing of aryl,
Cs-so-cycloalkyl and Ci¢-alkyl, wherein each aryi moiety is optionally substitited
with one or more substituents selected from the group consisting of halogen atoms,
nitre, amine, Cy.e-alkyl, Ci¢-alkoxy and di-C, ¢-alkylamino groups,

or |

R? is Cs.po-cycloalkyl or Ci-alkyl, and R® is aryl optionally substitated with one or
more substituents selected from the group consisting of halegen atoms, nifro, amine,
Cig-alkyl, Cig-glkoxy and di-Cy.¢-alkylamino groups,

and each C,s-alkyl, Cs.jp-cycloalicyl, C,¢-alkoxy and di-C,.¢-alkyiamino group in B2
and R’ optionally being substituted with one or more halogen atoms, |

for the preparation of catalytic active complexes of transitions metal, preferably of
ruthenna, rhodinm or iridivm.

DISCLOSURE OF OPTIONAL EMBODIMENTS

Provided is a process for the preparation of asymmetrically substituted biaryldiphosphine

ligands of the formula

1

A\

9]
W, L

®F PR,
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with one or more substituents selected from the group consisting of

wdalgesAems, nitro, amino, Cl.6-alkyl, Ci.6-alkoxy and

di-CF.6-alkylamino groups, or R2is C5.jes-cycioatkyl or Ci.6-§|ﬁ§@gﬁ%ﬂ‘?6%4
is aryl optionally substituted with one or more substituents selected from

e T T R -

16l ol atdiad, £2dd6-aikoxy and di-C}-6-alkylamino group in R2 2C and R3

tionally bein bstituted wi e ormore halogen atoms, for the
%‘?e%%r&%%ioaﬁeo?%ﬁg c %ﬁ?}gcg]%?%p?&égéﬂgﬁﬁ%ﬂ§%f§ ?EFE%F&E)‘I?/YS“%I@I and
KD Rentiyin il dit ol mﬁhuﬁgxﬁﬁﬁhﬂﬁhﬂsﬁr %E%Worﬁce or more substituents
BODIMENTS 25 Provided is a.process for the preparation g
A B SR HHG ) R A0 CRIHE A G- allcoxy

36d dj2R_R{RyRaEn2066/02730 PCTIEP2005/006064 5 wherein R' is

Cl-6-alkyl or C3-io-cycloalkyl optionally being substituted with one or more

ﬁélogen atoms, and R2 and R3 are equal and are selected from the group

eOrisiStipalilboyl OCRrioyeiainalkyhdrkl $risialiomtioraibsteeh@iith one or more
moiety is optipnally substjtuted with one or mqre substituents 5 selected

R EAS SEIS S 0 P OB A HEOINS Oh R OBPR AIS e BLbRyAmIR, Cr-ally,
Ci-p-albcexyarangt-di,Giathilpamingrgrpsps, or R2 is C1.6-alkyl or

Cssto-gycloalkyl, R3 s aryl.optionglly suhstituted with one or more

&I &t e%té‘%l@%dﬁé%oﬁe%’? 5 EUNRI GPF oge P RBRE e in R and
Ehopiofal b biiyly sLb<Gitialkoith amsladitind Bkypeminengroups, and each
Ci-6-alkyl, Ct-6-alkoxy, di-Ct.6-alkylamino and Cs-ao-cycloalkyl group in

R2 and R3 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

111

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

wherein R! is as defined above,

and further reaction sequences, wherein each reaction sequence comprises at least one
bromine—mctallexchange and subsequent metal-substituent exchange with the respective
substituent, thereby exchanging the respective bromine atoms with substituents selected
from the group consisting of hydrogen, diarylphosphino, di-Cy.¢-alkyiphosphino and
di-Cs.jo-cycloalkylphosphino,
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comprising a first reaction sequence, wherein one bromine atom of

2,2',6,6'-tetrabromo- 15 biphenyl Br Br f\ " Il 20 Br Br is exchanged with

ORA4 by bromine-metal exchange and subsequent metal-hydroxy

exchange, followed by an alkylation, to &ford a compound of formula R 0

Br 25 IV Br Br wherein R' is as defined above, and further reaction
Theuenossmwite richengts mantionesdguibn destam fisksatl emst bneardi@d out with'

~_bromine-metal exc eand subsequent metal-substituént exchan
O RSP O TSRy ot LA ST LA e e blow

~$o0di(iBoatasnspaitinse bstitniarimseleetet afipel) theag tomepensistng af last 0 °C
rqogen, diar osphing, di-Ct.6-alkylphosphino and di-Cs-,0-cyclo
fgﬁ%i%%%&’%ﬁ%@ afﬁ%} rofbr%hwe m?le exchanges mentioned in the instant
disclosure may be carried out with the required amount of the respective
campound at a temperatur. C
A RGeS e SO RRREE & P kPR aia) s pacpaently

tvéqblgmdmmnbmwmhm ttometsbex toaddetye Mﬁwﬁmmﬁm@c

ligands ri ar Isli%eton hICh |s ntl isted arQun
RS SATAEH TS FOIUB e STEbaoty My e pic O of the

aﬁyﬁfmﬁﬁaﬁl mmmmmemmmmwrmﬁmw sievtodrbedppreciated
with one of the at opisemM Q{j optionally further chiral auxiliaries.

ﬁﬁg 5%‘??‘3%& egﬁpgg(f: REEd 10 that any reference to ligands of

formulaRi0 15z

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

®@p PE), ®@F 1),
I'*-S, and T'-R

if not otherwise specified, e.g. by indicating their positive (+) or negative () optical

rotation.

The undesired ring closure mentioned in Scheme 1 above can surprisingly be avoided by
the inventive process. The reaction sequences of the present process for the preparation of
compounds of formula [ are depicted in Scheme 2. The synthetic approach of Scheme 2
starts with 2,2°,6,6’-tetrabromeo-1,1’-biphenyl {(III), wherein one bromine atom of Il is
replaced by an alkoxy or cycloalkexy group. Compound II can be obtained by
condensation of 1,3-dibromo-2-iodobenzene (IT) according to Rajca A. etal,,J. Am. Chem.



(R 12P P(R3)2 wherein R', R2 and R3 are as defined above, implicitly
includes its atropisomers R Rk\ 0 0 20 (g2)2p P(R3}2 (R2)2P P(R3)2
WO RES/HEIA®N -R 25 if not otherwise specified, e.g. by indicatingPiEIEDN9RI(¢e5064
(+) or negative () optical rotation. The uridesired ring closure mentioned
in Scheme | above can surprisingly be avoided by the inventive process.
Sdre 1B2EHDIE SETRARES. dtctbmﬁin@aﬂﬁpheﬁ&ss fail shepofNrrmaiirodtodtula I can be

compounds off rmula [ icted in. Scheme 2. The thetic
R R RS e R mouts of
aybetedf ony Brhnsmmawnnm(iltfm)replaced by an alkoxy or cycloalkoxy

group. Compound Il can be obtained by condensation of
1,3-dibromo-2-iodobenzene (11) according to Rajca A. et al., J. Am. Chem.

5 SM@:E@QESR)@@&%&@@H@Q@QS@M&’ 8,50tetB9ombdbihed 2 (N2 placing one
Accardin eme 2 tal oring of ligands of formula | can be achieved
lbr?lﬁ%ng?% Ation of the %ag‘e/rgg g@tlon temperature and equivalent amounts
of agents of only 5 basic reactions g!to e). 5 Scheme 2: Preparation of
ligands | from 2,2',6,6' tetrabromoblph\e [ll) replacing one bromine

ith an (R52P P(R3)2 11l V [a-3] [a-]]

R'RI R\ Br OiiD\[a- x=2] Br Br Br Br (R2)2P P\

3
Brlgr ®"),P VP(R ) -
[a-2]
[a—i}l{b, c} - 4}
Rl
\
10 {a-1] {a-2]
e ———fi
id] {e-21 _
Br Br (RZ)ZP P(R3)2
IV I
[a-3]
16 fe-3]
aVa
<w?_—v§\___>
(®*,P Br
20 VII

R, R? and R as described therein,

[a-1] = 1 eq. low temperature bromine-metal exchange;

[a-2] = 2 eq. low temperature bromine-metal exchange;

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

[e] =alkylation;

[d] =hydrogen quenching;
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IV VI [a-I][e-]] [a-3] 15 R~ [e-3] O (R~ZP Br 20 VIl R', R2 and R3 as
described therein, [a-1] =1 eq. low temperature bromine-metal exchange;

wo pas2bes223eq. low temperature bromine-metal exchange; [a-3&E RB2008§06064

high temperature bromine-metal exchange; 25 [b] = borahe oxidation; [c]
= alkylation; [d] = hydrogen quenching; WO 2006/002730

[QQ]TQP%Q%QQ% & leydioaik spnmptiahalkythengycloalkylphosphine

exchange; [e-2] g. metal-alkyl- or cycloalkylphosphine exchange;
[Wirif%qn%@#ﬁy@%@éﬁﬁﬁ@m fEApLES e,
{g},ﬁ@-p@@mg&w;gggmx&ﬁgepreferred embodiment, the first

bromine-metal exchange of the compound of formula Il is carried out with
lerfd sduraamRsieb P BOSARHRMS A4 %8 perature below -40 C ("1 eq. low

temperature bromine-metal exchange") in a polar solvent to afford a

metallated intermediate. The following metal-hydroxy exchange is carrje
o D R 6T S T T IBT SRR Gt B Do poand of formula

1R ganehesale: aid MW@EW@M@&W@QW@W& tieltve—40 °C

presence of an alkali and/or earth alkalj hydroxjde, and the alkylati

% .
Earsdosu<amBvAVE TR 6 XRS5 0cR AP BAREnj o tiord a metallstod
nisBugdierthe %ﬂ@ﬁﬁn‘é‘&@@ﬂ%ﬂﬁ@r ganeheeiedsried out by reacting the

fluorodimethoxyborane diethyl 15 ether adduct, trg%%fﬁ%? Ibgof@te o i tha
iR P 2 S BE PSRBT A AR A e pagpaction v
SPRQAIRE UG P aIo Y SeRRIME ifiselesle/d wrti ik gidunirositsistingthe

of hydrogen peroxide, peracetic acid, m-chloroeerbenzoic ac{id nd
ngyéﬁgﬂ is carried out with an alkylating agent in the presence of & bas

In a preferred embodiment, the borane or organoborate is fluorodimethoxyborane diethyl

ether adduct, triisopropylborate or trimethylborate, preferably 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 fert-butyl

hydroperoxide.

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

In a further preferred embodiment, the base of the alicylation 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 agentis a C¢-alkyl halide, a Cs.jo-cycloalkyl halide
or dimethyl sulfate. Preferably the C.¢-alkyl halide is a Cy¢-alkyl bromide or Cy¢-alkyl

jodide, Particularly preferred the alkylating agent is iodomethane or dimethyl sulfate,

In a preferred process, wherein a further reaction sequence is carried out starting from
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hydroperoxide. 20 In yet another preferred embodiment, the alkali and/or
earth alkali hydroxide in the reaction with the peroxy compound is

WO geleBte@from the group consisting of LIOH, NaOH, KOH, CB{OMF208p06064

Mg(OH)2. 25 In a further preferred embddliment, the base of the alkylatinn
reaction is an alkali and/or earth alkali hydroxide, selected from the group

coanistidgy aﬁfot@,ldmm%odﬂn@a@tg)a 1mddﬂgé&&kkﬂmmpr@iﬁmuexcmge

B L —

fﬁi‘iﬁtﬁﬂ(w bromide or Ct.6-alkyl iodide. Partlcularly preferred the alkylating
agent is iodomethane or dimlethyl sulfate. In a preferred process, wherein
a further reaction sequenc@@ carried out starting from WO 2006/002730
PCTIEP2005I006064 9 compgungs of formula N above comprising a low

substituents selected fr?gﬁi 3%@% nsisting of halogen atoms, nitro,
an

amlno Cl.6-alkyl, C1 -a 1_6-alkylamino groups, and each

yl Cs alkyl, C1.6- alkoxy and di- C,.6-alkylamino group in
E?o%igl%/gélglr%s &Stltuted with one or more halogen 15

létmaém ﬂapmbmauma@mmpmmnmmmmm end of fasresabitiinents
R S R SRR e Bt A
and cﬂ@[ﬁﬁgwalkyiammo groups, and each Cyg-alkyl, Cso-cycloalkyl, C;4-alkoxy and di-
C;.g-ﬂlkyiaminb group in R? and R? optionally being substituted with one or more halogen
atoms, and

the remaining bromine atom of the compound of formula V is replaced with hydrogen by
high temperature bromine-metal exchange and subsequent reaction with a proton donor, to
afford ligands of formula

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

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

formula



(R2r2P P\(R3)2 25 wherein R', R2 and R3 are as defined in compound V
above. Provided is also a process, wherein a further reaction sequence is

WO Be8d 780t starting from compounds of formula IV above, corigfsHifr4006064

5
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low temperature bromine-metal exchand® of one bromine atom of the aryl
moiety containing two bromine atoms and subsequent 30 metal-hydrogen
exchange by reaction with a proton donor, to afford a compound of
formula WO 2006/002730@QT/EP2005/006064 10 RIOVI, 5_BrBr
wherein R' is as defined abovg, and a further low temperature
bromine-metal exchange of ining bromine atoms and
subsequent metal-pho 3
wherein R'is as 10 d€ HOVE: 2 and R3 are equal and are
selected from the group‘eensg ;
wherein each aryl moiety is ogtiggdlly substituted with one or more
substituents selected from the group consisting of halogen atoms, nitro,
vaneiein 1C libaaliyfinEd-Gbatkgendind di-Cl-6-alkylamino groups, and each

-alkyl, C5-jo-cyclo- alkyl, Cl.6-alkoxy and di-CI-6-alkylami '
o B SRR S B T SO AR b and
sayamfudnt E_iimifym;dgh'dds,m@mr%@ rmffesﬁ,uglh‘gz&idsmfdrﬂn:uiaaho&bﬁein R'isas
uence is cartied ouf .starting from compo -
I SR R Ao

CopuatithdiatylmiGegyationtaibigitvadrenyhmaitsinis aptiozelisubgesivoted with one

tal-h i ' d .
RSB IR e e Rt A AR AOOE A o, amin,
@Wmtmm@méiﬂ@éﬁﬂﬁdwm@IQWMMbﬁaa@kﬁ: Cs.ae-cyclo- .
A B AR BERR Y AR SRR B U aR GRS/ Rl Bbsttuted

with one or more halogen atoms.

Further provided is also a process, wherein a further reaction sequence is carried out
starting from compounds of formula IV above, comprising 2 low temperature bromine-
metal exchange of one bromine atom of the aryl moiety containing two bromine atoms and
subsequent metal-hydrogen exchange by reaction with a proton donor, to afford a
compound of formula VI, wherein R! is as defined above, and a low temperature bromine-
metal exchange of one bromine atom and suﬁsequent metal-phosphine exchange, to afford

a compound of formula

ViE

wherein R! is defined above, and R%is Cs.qo-cycloalkyl or Cyg-alkyl, the Cy¢-alkyl or
Cs.1o-cyoloalkyl group optionally being substituted with one or more halogen atoms, and
a high temperature bromine-metal exchange of the remaining bromine atom and

subsequent metal-phosphine exchange, affording ligands of formula I, wherein R! and R?
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O 9B

250 VIl (R52P Br 30 wherein R' is defined above, and R2 is
C5_lo-cycloalkyl or Cl-6-alkyl, the Cl.6-alkyl or C5_to-cycloalkyl grou

r¥;9 being substituted with one or more halogen atomg;cfﬁ‘i? 230#%%064
temperature bromine-metal exchange of the remaining bromine atom and
subsequent metal-phosphine exchange, affording ligands of formula I,

anwhae difiRdzhd R2MIR2 0081 0RO FIBRROCSIO06D6He o raveeaybstituents
sS{5l8BROHE ARG TAR BN LU ARSI SHBRE A MR ABC AL, ¢\ p-allony

stituents s rom the groupconsisting alogen atoms, nitro,

andring;: GRIBsdayinC ol apdagaghd Ck-6Liuky fasminey ghanlkd, &he-elkoy and di-
1- . C5-0- . - i~ Cl-6-al j '
r!ié'ag%%%nﬂé‘ﬁ% é&ﬁr‘% %Es%t%ggmﬁ@%%{gﬁgr%% %a oglelﬁﬂégt%lrjnpg%%r%&n atoms.

preferred embodiment, each low temperature bromine-metal exchange is

18 etk %@oﬁﬂ%%ag%%] %@J'ﬁ%é%@%%@ ﬂ@%ﬁé&@fﬁ%’&’é@&l&% carried out

Isopropylmagnesium chloride or m tributylmagnesate at a
withpeeagareibetsliic 40nthqueterablgdm thatyHithoiof, 80prop3d0@nedm ghloride or

B B ARl or 00

~#€mMoval of the last remaining bromine atom from compounds of formulae

R e i e S e e S
apréfaselyentipocienany dvothiniogdetraydfodxenange is carried out with an

organometallic compound such as n-butyllithium, tert- butyllithium,
isopropylmagnesium chloride or lithium tributylmagnesate, at a

Tiesnpweie of ticlakasmoigngleferablydivth &roan gerp@ngsaignidee V and VI,
Int of i ) -
a%}%%%%gg LneRLgany %@é@ﬁ%&%&%ﬁ%‘ P L, 2 OIS RIS CRA0ES IRetal

stituents attached to the biaryl moiety. In 20 most cases one
eeduivate it diigrsantipmenautalic tonpeimeibsoidonemb fephalesremetal

0210w, NG MSlRbL L AJNEIGHS &R e thivm, rers-
e?ﬁﬁ%;)ggfa%ure romine-metal exchange is carried out in a solution i, fen
butyititing, tokrene vimamesiurn oldboide on lithium tributyimagnesate, at 2 temperature

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

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

in a preferred embodiment the high temperature bromine-metal exchange is carried outin 2

solution containing toluene and/or tetrahydrofuran.

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

Preferably the non-oxidizing inorganic prbton acid is HCL

Preferably, the reaction with the hydrogen donor (hydrogen quenching) is carried out at a
temperature in {he range of 60 to ~80 °C.

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

phosphine of the formula



WO Z00¢( ?yﬁﬁ C1-3-alkanoic acids. Preferably the non-oxidizin
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25 In a preferred embodiment the hydrogen donor is selected from the

roup consisting of CI-3-alcohols, water, non-oxidizing inorganic proton

%ﬂéygg%%m%om

proton acid is HCL Preferably, the reactiof with the hydrogen donor
(hydrogen quenching) is carried out at a 30 temperature in the range
of-60 to -90 C. In a preferred embodiment the metal-phosphine exchange
is carried out using a han-)ﬁhosphine of the formula WO 2006/0%{@0
PCTIEP2005/006064 12 pl Vill, RAP"R wherein X is chlorine, bromine
or iodine and both subB;tﬁ/uentRR are equal and are R2 or 5 R3, wherein

A0d-R3 afeas defined ahgve shenenading antbedrign segd supstitientse R? or

the halophosphine Qf the formula VIl is selected from the group
Rbnehetieig Br rab &iaayroriodefingd 8bRufadi-(Cs-to-cycloalkyl)phosphines
and halodi-(Cl-6-alkyl)phosphines. 10 Each aryl substituent of the
halodiaryiphosphine moiety is optionally substituted with one or more

Bepsitingws Setdotended mibetyesti beriaiamhpatiardhaiomeiniid] is selected
%g%\&ﬂ& &%%HX&%&W@&M@QW@Q OURS/fIRHSMMNGsphines

b [, Cl-6-a § alkylamino and s-t%)-cycloalkyl
dbplotitie hatipfisiptpenstihe formula 15 VI is substituted with one

or more halogen atoms. In a preferred embodiment the halo- phosphine of
the formula VIIl is selected from the group consisting of halodiarylphos-

&Qh@%ﬁubﬁﬁmm@%%_bm DR RPEER }%@W@pﬁm tituted with one
%&9@&%@%&@3@!&8&% e gﬁ&g&%‘%@&ﬂ%@ﬁﬁbg&% atoms, nitre, amino,

orodiphenylphosphine or bromo nyl- phosphine. 20 Provided are
&5 efdkanyipndii-§i-¢-alkylamine groups. Optionally each C;¢-alkyl, Cie-alk-

oxy, di-C¢-alkylamino and Cs yg-cycloalkyl group of the halophosphine of the formula

WVIII is substituted with one or more halogen atoms. In 2 preferred embodiment the halo-
phosphine of the formula VIII is selected from the group consisting of halodiarylphos-
phines and halodi-(Cs_jo-cycloallcyl)phosphines, more preferably is chlorodicyclohexyl-
phosphine, bromodicyclohexylpbosphine, chlorodiphenylphosphine or bromodiphenyl-
phosphine.

Provided are compounds of formula

®)P  PR),
wherein R! is Cj¢-alkyl or Cayp-cycloalkyl optionally substituted with one or more
halogen atoms, and

R? and R® are equal and are selected from the group consisting of aryl, Cs.1e-cycloalkyl and
Cis-alikcyl, wherein each aryl moiety is optionally substituted with one or more substituents
selected from the group consisting of halogen atoms, nitre, amino, C;.¢-alkyl, Cj.s-alkoxy
and di-Ci.¢-alkylamino groups,



10

15

20

25

30

251, (R),P P(R3)2 wherein Rl is Ct.6-alkyl or C3-lo-cycloalkyl optionally
substituted with one or more halogen atoms, and 30 R2 and R3 are equal

WO 2044t elected from the group consisting of aryl, Cs-to-cﬁ:ﬁ:géﬁ&ﬁog?( 6064

Cl.6-alkyl, wherein each aryl moiety is @gtionally substituted with one or
more substituents selected from the group consisting of halogen atoms,
omitro, amino, Cl.6-alkyl, Cl.6-alkoxy and di-Cl-6-alkytamino groups, WO

Rﬂ%qgéoqg§glgéjﬂ§f HrB209R006R84 13 a??ﬁ)%%&@yl QuBEERAKWAR one or more

Cl-ﬁ-é‘ﬂyl, and R3 is aryl optionally substituted with one or more
suhsbisernts el entrdioaprib STRENFeRY SnrEnithriasenateyen nilePn 3miRpe C16-alkyl,
caming, Gaakwh, Clulalkgy #Bg-di-C .6-alkylamino groups, 5 and each

&_G-aﬁgll, Cs_lo-l?yélll&c;stlkyl, Clﬁj-alkoxy and di-Ct.6-alkylamino group in
arReatiiCRaetofaly BeiogikybStvatakontnasddlt MiFeihaBmen R and
RFH@@?&{wﬁeB{g\émﬁ@hﬁfe&Qmpweﬁ%ier}l;am%e&,gtmér_Br 15 wherein

R"is Ct.6-allcylor C3_to-cycloalkyl optionally substituted with one or more

halogen atoms. Provided are compounds of formula R' 200Br " p V,
FRRARRIRAA &% whsssi Bl lkher C3_to-cycloalkyl optionally

substituted with one or more halogen atoms, and R2 and R3 are equal

and are selected from thegdroup consisting of aryl, Cs_to-cycloalkyl and

CY_6-alkyl, wherein each aryl moiety is optionally substituted with one or

more substituents selected frbm the group consisting of halogen atoms,

nitro, amino, Cl-6-alkyl i!-alkox

Br Br

Vi,

wherein R! is C; ¢-alkyl or Cs_j¢-cycloalkyi optionally substituted with one or more

halogen atoms.

Provided are compounds of formula

®R?),P P(%z

wherein R! is C;¢-alkyl or Cz.jp-cycloalky! optionally substituted with one or more
halogen atoms, and

R? and R® are equal and are selected from the group consisting of aryl, Cs.je-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, Ci.s-alkoxy
and di-C;.¢-alkylamino groups,

or

R? is Cs.jg-cycloalkyl or C;.¢-alkyl, and R.3 is aryl optionaliy substituted with one or more

substifuents selected from the group consisting of halogen atoms, nitro, amino, Cy.¢-alkyl,



30 and di-Ct_6-alkylamino groups, or R2 is Cs-to-cycloalkyl or Ct_6-alkyl,
and 1.3 is aryl optionally substituted with one or more substituents

WO 20962d%rom the group consisting of halogen atoms, nitro, drfiHoT 2005006064
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Ct.6-alkyl, WO 2006/002730 PCT/EP2035/006064 14 C1.6-alkoxy and
di-Cl-6-alkylamino groups, and each C1.6-alkyl, C5-1o-cycloalkyl,
@la_—@lhﬂ@@ﬂdrdd—ﬂibéihlﬁymmmoup in R2 and R3 optionally being

I nal Vi 2
%b%é%rﬁ k?%(’)rmuw' al}g/lp\/llt'ﬁlo (R )%l’ﬁlg%\)t\?hé?rem F?Bl{gl\g $-a ki/nR and
%r@&%ﬁy@l@gky@ﬁ@tﬁimgbmmwh@ﬁge@ramm halogen
atoms, and R2 is selected from the group consisting of aryl,
C5-10-cycloalkyl and Cl.6-alkyl, wherein 15 each aryl moiety is optionally
Tobsiivetsemptevdescrompranihefifoaniselected from the group
consisting of halogen atoms,lnitro, amino, Cl.6-alkyl, Cl.6-alkoxy and
di-Cl.5-alkyl- amino groupsRand each CI-6-alkyl, C5.10-cycloalkyl,
Cl.6-alkoxy and di-Cl.6-alkylarpino group in R2 optionally being
substituted with one or more halogen atoms. 20 Provided is the use of
compounds of formula igi 25 (P/72PR(R3)2 wherein Rl is Cl-6-alky!l

or C3-lo-cycloalky! optié . th one or more halog&itatoms,
and RZ and R3 are equal.and’ are d from the group consisting of
aryl, C5-1o-cycloalkyl and 30 CI.6- IkyI wherein each aryl moiety is
optionally substituted witfFond®orliiore substituents

wherein R? is Cj¢-alkyl or Cs.yp-cycloalkyl optionally substituted with one or more

&

halogen atoms, 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, C,¢-alkyl, C;.¢-alkoxy and di-Cys-alkyl-
amino groups, and each Cyg-alkyl, Cso~cycloalkyl, Cye-alkoxy and di-Cy.¢-alkylamino
group in R? optionally being substituted with one or more halogen atoms.

Provided is the use of compounds of formula

wherein R! is C;¢-alkyl or Caqg-cycloalkyl optionally substituted with one or rore
halogen atoms, and

R? and R® are equal and are selected from the group consisting of aryl, Cs.jg-cycloalky: and
C,¢-alkyl, wherein each aryl moiety is optionally substituted with one or more substituents
selected from the group consisting of halogen atoms, nitro, amine, Cy¢-alkyl, C.s-alkoxy
and di-Cjg-alkylamino groups,

o



10

20

25

30

selected from the group consisting of halogen atoms, nitro, amino,
Cl.6-alkyl, Cl.6-alkoxy and di-C1.6-alkylamino groups, or WO

WO 22008/0062730 PCTIEP2005/006064 15 R2 is CS_io-cycloalR§IGEE2805/006064

C1l.6-alkyl, and R3 is aryl optionally subsfituted with one or more
substituents selected from the group consisting of halogen atoms, nitro,

RAMRI00. (=] dﬁllﬁgadﬁqx;/aadd{& iigarﬁaﬂtwamm@gmup&mumwer more
- I cloal yI C1.6- aI i-C1.6-alkylamino group i
S5 S LSGHAT LT PR TR, EURESBAMRERS RBGARS: C - alll
@pmﬁiso;fgiraﬂh@@pﬁﬂﬁpﬁﬁiﬂﬁ@hﬁ;ﬁﬁﬁ&emmmﬂf%g&ydﬁalkyl
metals, pre enium, rhodiu Bl ai tic
T o s TS P B ot o O P B AR lg e wih
oﬁswﬁ‘mﬁmﬁaﬂhghydt@@@patlng of a compound containing at least one
nsaturated prochiral system, Preferably the products obtained by. 10 said
B TP GRRINIS eh ARy DR paHaEty of
rma@ammmmﬁrﬁaﬁmpﬂmm ptito dsoipi dhes pieparstionsmetals can be
tal sts Iut s are disclo shworth, T. et at. S
S 19" BTG by T80 U BErP 08 1O A VST
o&h@mﬂg%meoﬁ@ﬁﬂsaﬂﬁﬁea @mmmmgm@k meamgmhéhﬁd&wmgbmned by
ssure durin enating is in the range. of, 1 to 60 bar, icularly
S AR AR A Py e Pt s S bRt men
hydrogenatlng IS carried out at a temperature in the range of 0 to 150 C.
na ref embodi gompo ntainin tlea
SR AR o P LR 4 S A OB b gpts end
cetiypouhaisorsriidisglespddohistiweathonyVgrauwp, 5 drachi@halced®y, 40, 183-
ir roup. 2510 a rtlc diment,
R YRR R R o e S S e ey
alkene or imine group Is selected.from the group conS|st|ng of a— and
3 ketgesters amines, a- and 0-ketoalcohols, actyl
ORIV SNo0Ee B 8 VRLCBER FE Rt A Tah OB A o range of
Metéﬁ@arapﬁkalﬂ%yﬁmfened in the range of 2 to 35 bar.
In a further preferred embodiment hydrogenating is carried out at a temperature in the
range of 0 to 150 °C.

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

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

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

solution may contain further additives.
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Preferably the hydrogenation reactions are carried out with a catalyst
solution in a polar 30 solvent like C1.4-alcohols, water, dimethyl sulfoxide

WO IBM®Rdimethylformamide (DMF), acetonitrile (MeCN), efffeF§8r005/006064

mixtures thereof. Preferably the polar sdi¥ent contains methanol, ethanol
or isopropyl alcohol or a mixture thereof. Particularly preferred, the
THelptiReiayGoniein flilthenaditititesfolVEvARDHOORTEANS examples.
PCT/EP2005/006064 16 The present invention is illustrated by the
following non-limiting examples. Examples: Example 1:
Ekanipies9ao-2-iodobenzenne 5 Diisopropylamine (0.14 L, 0.10 kg, 1.0 mol)

and dlbromeenze 0,121L, O 2 , 1.0 mol) were consecutively
wet&‘a‘s%ﬂﬁwm?ﬁ%&% ot) in tetrahydro- fiuan (2.0 L)
Andheyanesde G4 4)1310.16 kg, Afﬁemzlh mdxss@ifmmiubmmmm@ L, 0.24 kg,
(0 26 kg, 1.0 moal) in ran ven

|50 Ut BGOSR UL ST A L L Aag) Bty
fasihmg wﬁalaﬁ&%agms;atmmomﬂmhm tmssimaasc(mm afjjodine

the organic layer was sulfa evaporated
ARl TP e SR B KT & orated and
EOIQERsS plaisletd wel-tilaitied (mpsmnamﬂg mm a@mn@em solution

MH 8 7.55(d, J=81Hz 2 H). 7.07 ( C6H
£ S&é{@é%)@)%cﬁz ORgaRIE 4 %{Jﬁ@ gv%r‘ﬁ) B:msx%l%a% before
tﬁﬁ%’%ﬂ@&a&@ (S M@i@@m@é@i@mﬁyﬁm B&&bugylmmmm(ﬂﬁg (91%)

mmol) in hexanes (5.6, mL) was added to a solution of 1,3-di-
%ﬁ@%sﬂx@&m?ﬁéﬁ@%@% »12 mmol) in diethyl ether (0.18 L). After the

Iﬁ uyg)gbvygg 2f) stirred for 2 h at -75 C, copper(11)chloride (9.7 g, 72

oA B R Ao B ey B2 TR e

CIEaBIG Ay ﬁ@%%@&@?@im%@ﬁhamsqgwtmw
ethyl acetate (2X0.10 L). The combined organic layers were dried over

sodium sulfate before being evaporated. 2,2',6,6'-tetrabromo-1,I'-biphenyl

Plseiiates upealmantahes thepgsidue wtinhexanes cooled to -20

C. The roduct @ 0 g, 33%) is pure enough for further reaction;

At-75 "C butyllithiom (14 mmol) in hexanes (5.6 mL) was added to a solution of 1,3-di-
brome-2-iodcbenzene (4.3 g, 12 mmol) in diethyl ether (0.18 L). After the solution was
stirred for 2 h at—75 °C, copper(ilychioride (9.7 g, 72 mmol) was added, and the reaction
mixtare 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 izyers were dried over sodium sulfate
before being evaporated. 2,2°,6,6’-tetrabromo-1,1*-biphenyl precipitates upon treatment of
the residue with hexanes cooled to —20 °C, The product (5.0 g, 33%) is pure enough for
further reaction;

m.p. 214 to 215 °C;

H NMR (CDCls, 400 MHz): 8 = 7.67 (d, J=8.3 Hz, 4 H), 7.17 ({, J=8.0Hz, 2 H).

Example 3: 2,6,6°-Tribromo-2’-methoxy-1,1’-biphenyl (IVa; R! = Me)

To a solution of 2,2',6,6'-tetrabromo-1,1biphenyl (47 g, 0.10 mol) in tetrahydrofuran
(0.56 L) n-Butyllithivm (0.10 mol) in hexanes (63 ml} was added at —75 °C. The mixture
was consecutively treated with fluorodimethoxyborane diethyl ether adduct (19 mL, 16 g,
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m.p. 214 to 215 C; H NMR (CDC13, 400 MHz): 6 =7.67 (d, J=8.3 Hz, 4
H), 7.17 (t, J= 8.0 Hz, 2 H). 30 Example 3:

WO %M i3Pomo-2'-methoxy-1,1"-biphenyl (IVa; Rr = Me) To a REKEBRS7/006064

2,2,6,6'-tetrabromo-1,1 "-biphenyl (47 g, 01%0 mol) in tetrahydrofuran (0.50

L) n-Butyllithium (0.10 mol) in hexanes (63 mL) was added at -75 C. The
rflitfurechyas fovsapuaoe pateteadttrdiuorbginetde X§ b ard ettt yd aqueous

afbgr, g% 8}0()918 g é 730 PCTLEEP2005/006064 17. o
0.90 cr’%ot ,Ba 3.0 ﬁﬂ?g%égﬁugs%glut%qfﬁ%% |uﬁ1rﬁ"§/c FOXIde r%vff R azzzed at25°C

308b adUdusirngblaieacpb(0X0d-J Hodntx 316 g @iliDdietllyl Etkergastiold L). The

XL tkalized at 25 C. wit 0 drochloric acid (0.10 L). and
B o B O e S Ak oo e
VRdRdd witiebovessatjueous fSbhaicheshpodierh ThlitelH (St yalridissolved in

S T s

dndeaids gomienyoibidk SomdDBer? guddtively widedcdriectlyetyiter (0.50 L)

B s R R B 0 LR i vers
Suteadrindbeonpstistedulfays wllizatipviotd. eyl ipH0 efferded.10 L)

9 t | - m.p. 184 to 185 C; 'H-NMR
%&%@0%%@@@%% %1%@95% 282 H), 7?3 (m, 2 H), 7.11 (t, J=
grup HB41%91186.96;(dd, J= 7.2, 2.2 Hz, 1 H), 3.77 (s, 3 H); C13H9Br30
g%a-imﬁpt%: gﬁg : aiga,t‘?&}(oﬁlz}?’ g Q%tﬂ- %ﬂ}g‘mf%%%zc, 5’ %Ijl;oﬂi_' (%393 'H},\'/WH {t,/=8.1

GiBrorig,- 2.8 fig(diphedy hBEdsphinill); 2 TA¢thaxyyl, 1'-biphenyl (Va;

STl B A R AT R

mmol) in tetrahydrofuran (0.25 L). The reaction mixture was treated 20

R RS R a3 S v

: at teghhaguydious soll_Jtion of ammonium chloride (0.20 L).
R sl SR PR B OURH, 19 oo
pound IVa (21 g, 50 mmol) in tetrahiydrofuran (0.25 L). The reaction mixture was treated
with a 2.0 M solution of chlorodiphenylphosphine (18 mL, 22 g, .10 mol) in tetrahydro-
furan (50 mL). The mixture was allowed to reach 25 °C and treated with a saturated
aqueous solution of ammonium chloride (0.20 L). The reaction mixture was exiracted with
ethyl acetate (3%0.10 L), and the combined organic layers were dried over sodium sulfate.
Evaporation of the solvenis and crystallization from ethyl acetate (0.10 L) afforded 23 g
(71%) coioriess needles;

m.p. 224 to 226 °C (decomposition); _

'H-NMR (CDCl;, 400 MHz): & = 7.56 (dd, J=8.0, 1.3 Hz, 1 H), 7.38 (dt, J=17.0, 1.6 Hz,
2H),73(m,12H), 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,/=8.6 Hz, 1 H}, 3.01 (s, 3 H);

*'P.NMR (CDCls, 162 MHz): § =~10.1 (¢, J = 24.6 Hz), ~13.9 (d, /= 24.9 Hz);
C37H29BrOP; (631.49): calenlated (%) C 70.37, H 4.63; found C 69.13, H 4.60.
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Evaporation of the solvents and crystallization from ethyl acetate (0.10 L)
afforded 23 g 25 (71%) colorless needles; m.p. 224 to 226 C

WO 2688¥pfbsition); 'H-NMR (CDC13, 400 MHz): S = 7.56 (dd,F=FEEH20 34006064

Hz, 1 H), 7.38 (dt, J= 7.0, 1.6 Hz, 2 H),I83 (m, 12 H), 7.1 (m, 6 H), 6.99
(ddd, J=7.7, 2.9, 1.3 Hz, 1 H), 6.8 (m, 3 H), 6.63 (d, J=8.6 Hz, | H), 3.01
Eﬁ%xﬁdﬂe) 530, E-Mﬁﬁ&gﬂﬁh&%hﬂﬁmzﬁmﬂﬂsﬁy@,ﬂ%?gh@ﬂyzllaj,&tg £dvie and
4= 24.9 Hz), C37H298rOP2 (631.49): calculated (%) C 70.37, H 4.63;
Rfouﬁ“t;l C%‘éeﬁ H 4.60. WO 2006/002730 PCT/EP2005/006064 18

AEaam,mﬂ)ﬁtﬁhﬁx&@(mmdbwnam@mﬁtnmadaﬂalatbimybmmm com-
and R2=R3 = phen¥

1 ugyllithium (50 mmo)) p anes (3
DS ad s BT SO P BN G BB o bR L) ves
ad@ell Eﬁ(l;%ﬁ&!l_l)ﬂﬁ f{jﬁfb@(%ﬁﬂ)@ﬁﬂ%&ir@ﬁi}@ﬁ?ﬁ_ﬁ%ﬂ&&#@ﬂ%@mug phase
water mL) and the organic | as ea ueous ase
W A LTI L SRS TS AP O TR e, were
HEssvesdidriedione rnaﬁﬁwmmgfaremm h&maﬁmnamn dichloromethane
(%ngstalllzatlon from gs,éé%r ane 50 mL) afforded 7.9 g (57%)

ESENISmposition): 10 'H-NMR (CDC13,

nﬂQOzWa)zfgmd @‘léﬁbxﬂ;&)bﬁmb)?lﬁ (dt, J=6.8, 2.6 Hz, 4 H), 7.06 (dt, J =
7.3,1.7Hz, 2 H

), 6.82 de 7.6,4.2 IH)677
‘B-HRIC PC 13 00 MHZ) 47 332@(’51%% PN (ég&@,'?ff@g'i% 7.06 (3, J
=MHz): Py~ 1ok (6, 33».,1&5, § H7)6; k2616, V)l 69 HA), JSIHBOOPR), 6.66 (dd, J =
552 59) calculated (%) C 80. 42 H 5.47; found C 80.53, H 5.52. 15
7@)@%\ Bié-6: Bis3Bth oHﬁ=methoxy 1,1'-biphenyl (Vla; R1= Me) At -75 C,
3@@@1&%@% (294nmalin Hexanes (A3 el)resadded fq@ selutiog BE);
com- pound IVa (11 g, 25 mmol) in tetrahydrofuran (0.20 L). Immediately

CafténiPRe 48600 vva@%éﬁ%fe@@ Aletifakol &7 iHDAfadtdtidd SAfter

addition of water (0.10 L) the organic 20 phase was separated and the
agueous layer was extracted with ethyl acetate 3 x30 mL). The

Fromilect 8rdahiorapassIvietipstlodelivhpsn SHia&oardfbeing
A%V-%WQE%utﬁhthmm (25 mmol) in hexanes (13 mL} was added to a solution of com-

pound IVa {11 g, 25 mmol) in tetrahydrofuran (0.20 L). Immediately after the addition was
completed, methanol (2.0 ml) was added. After addition of water {0.10 L) the organic

phase was separated and the aqueous layer was extracted with ethyl acetate (3x30 mL).
The combined organic layers were dried over sodium sulfate before being evaporated.
After crystaliization from ethanol (25 mL} 7.9 g (92%) 2°,6-dibromo-2-methoxy-1,1’-bi-
phenyl was obtained as colorless cubes;

m.p. 93 to 95 °C;

TH-NMR (CDCls, 400 MHz): & = 7.67 (4, /= 8.0 Hz, 1 H), 7.38 (t, /= 7.5 Hz, L H},

7.3 {m, 4 H), 6.92(d4,J= 8.1 Hz, 1 H), 3.73 (s, 3 H};

C3H10Br:0 (342.03): calculated (%) C 45.32, H 2.95; found C 45.32, H 2.85.

Example 7: 2’,6~Bis({iicyciohexyiphosphinyl)-z-methoxy—i,1’-»biphenyl (ib; R! = Me,
RI=R’= cyclohexyl)

At—T75 °C, n-butyllithium (0.10 mol) in hexanes {63 mL) was added to a solution of com-
pound VIIa (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



After crystallization from ethanol (25 mL) 7.9 g (92%)
2',6-dibromo-2-methoxy-1,I'-bi- phenyl was obtained as colorless cubes;

WO /I HPO5 C; 25 'H-NMR (CDC13, 400 MHz): 6 = 7.67 (d DEIBED2495/806064
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H), 7.38 (t, J= 7.5 Hz, 1 H), 7.3 (m, 4 H),16.92 (d, J = 8.1 Hz, | H), 3.73 (s,

- 3 H); CI3H10Br20 (342.03): calculated (%) C 45.32, H 2.95; found C

B el oS oot 1L e s dowod fo resch
»a-Bis(dicyclohexylphosphinyl)-2-methoxy-1,1'-biphenyl (Ib; R1=_Me
B O A SR AL SN AR RO GRie 8O L. The
Mwh aCISvafSl dﬂ@‘a?ﬁoiﬁ SﬁLt)htBﬁHi i yDﬁ@ﬂ@leC;Q_@_kIﬁ@ﬁt(ﬂa hd Glhei%ﬁiﬁhiﬂﬁ Brganic layers were
tr rofuran (O. ter the addition was completed, the mixture .
R R 50 Hr LTI o BRIy NG AR ERRIGveporation of
2206/06RK3MPEIHEN2AA00R004A8:(52 (M103S gs SoléHingdibes;
tetrag%grofr?%%rgéﬁi) mL). The.mixture was allowed to reach 25 C and
WeuedWitnra’sa F’ﬁfé’ gaff 8¢ solution of ammonium chloride (0.10L).

"M B UiesTangd vt shpasaialg @r@d}(&) hsi e6 (d, J=7.5 Hz,

combined organic layers were dried over sodium sulfate. The
o GORIE 38 (7 394 b4 DL e el B0 alfoR 03 hEmchicRils 2 (m,
2mgrgrystallization form methanol (0.10 L) as colorless cubes; m.p. 220 to
221 Cgﬁ(%ecor?fosition)' 1H-NMR (CDCI3, 400 MHz): 8 = 7.56 (m sym., |
F5 MR CP Rl 24BN T2 07519 (B =716 (Ricdyrh L5 (4, 682%@, B2);
& S 17oPs s Ao Seadolth : . 2R
(é%tézf%,bll@gz n?ﬁ)i(): 8 :-9%&#?%??&5%%5 d. J:Ci%!lﬁz ;M&'
C37H540P2 (576.79): calculated (%) C 77.05, H 9.44; found C 77.17, H
& 0, - - 9. 5E 3. e » .
%K%%‘:ommo.-‘ﬁ'@mﬁa%‘f;.f:ﬁaﬁ%%’amr.‘z-ﬁﬁgs%@% SR yicycloexylphosphine (VIIs
ks RRAIRVEIBYRIRBTYE At -75 C, n-butyllithium (0.10 mol) in hexanes
A3 M asRedRe AR B0IYURRIPILARk-REUNEA \I{fiﬁ)(?r%sgdcﬂé@tg@ Qofhtion of com-

tetrahydrofuran (0.50 L), After the addition was completed, the mixture

RpNEd dAtdd haud © BN dbighiahvsrefirsa dby B bheidieribsmddisionavan compieted,
@4 $idadR Wabdedel ahwdsofo an 0ih8dn of BRI lﬁignsgirﬁg?h (22 mL,

reach 25 C and treated with a saturated aqueous solution of am

- Zherfythenol iy tatrriydrediwanfQs O L. The mixture was allowed to reach 25 °C and

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

m.p. 100 t0 102 °C;

"H NMR (CDCl, 400 MHz): § = 7.61 (d, J= 7.8 Hz, 1 H), 7.38 {t, /=79 Hz 1 H),
7334 JJ=T73He, 1 H),721 (4, J=79,1.5Hz 2 H), 7.14 (dd, = 7.6, 1.8 Hz, 1 H),
696(d, J=82Hz 1H),3.72(5,3H),1.7(m, 12 H), 1.2 (m, 10 H);

NP NMR (CDC, 162 MHZ): 6 =—-13.8 (s);

Cyst3BrOP (459.41): caled. (%) C 65.36, H 7.02; found C 65.52, H 7.07.

Example 9: 6-Dicyclohexyiphosphanyl-2°-diphenylphosphanyl-2-methoxy-
1,1°-biphenyl (Ie; R' = Me, R? = cyclohexyl and R® = phenyl}

At 0 °C, n-butyllithium (25 mmol) in hexanes (30 mL) was added to a solution of
compound VIia (11 g, 25 mmol) in toluene (0.1 L). After 45 min the mixture was cooled to



20 extracted with ethyl acetate (3X0.10 L), and the combined organic
layers were dried over sodium sulfate. Evaporation of the solvents and

WO 209g48T3ation form a 9: 1 mixture (viv) hexanes / ethyl acetat& (50t o ot
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afforded 36 g (79%) colorless needles; #.p. 100 to 102 C; 1H NMR
(CDCI3, 400 MHz): & = 7.61 (d, J= 7.8 Hz, | H), 7.38 (t, J= 7.9 Hz, 1 H),
-25 T:3thdta IS0MB sdimtibiidf éRdrédipbenFiPhphidus )il 1 4. §dd 25-0®)) in

of @%&MG%E%S%%%&Z!? 3§%ﬁ%@&%ﬁ@%ﬁgﬁ@éé‘ﬁgw@m

sehiGon EH)CntmBe ehibfds f((SGrrdIC) %Mdecﬁaﬁd tBO dEgamnpleysr was separated.

T%%% Seé%%% %ggho ﬂg }%}}/ cyc a)?ﬁ aé})élé eny‘l{tkt 8081bmed Organic

1dydaytyidith mmz&&nmdi)m hafdaobsfise hmﬁl)y\ta&mm 1Corgellitighivofirom

TR (R0 W JUBbAI00H I B0 S0B b RUB 20 -75 C

nﬁﬁdiaﬂlt@ M selittion of chlorodiphenylphosphine (4.4 mL, 5.5 g, 25 mmol)

I T T e

3@%@ ¢ lesenmes: sepanaedd,The aguaass pmeqwa&anmﬂgﬂ
with ethyl acet

ate (3 x25 mL) and the combined rganl

il GRS SR SN bR o Pk O b et o

methanol (50 mL) gave 7.9 g (56%) of dlphosphlne as colorless cubes;

p. 170 to 171 C; 'H-NMR (CDCI3, 400 MHz): $ =,7.3 (m, 16 H), 6. 785(d

Eﬁamglwwa ) s (e dlisy cheberrte b gyl 1 dpRqSEIERY;
2L fhdeitRy-A 4 DS dmhfe HE) =016, I H4 2RReh 64 6 R%Hﬁpiaéﬁgi}x%) C

7870 H750 found C_78.59, H743 Example 10; Q E

J@W m%ﬂfﬁ/ F@”Hﬁf IIII%B ﬁﬁs“?ﬂfﬁ?fﬁ) y preparative chromato-

éa Qi b ki BamHES; PhasdVienReofusie iedurha THRSST UBROD 20 jum,
he racemic dlphosphlne Ic was setoarated into its enantiomers by

theapebismhes drautotiestygah AEODdniFAPRARO R TRF R maferial 142 mg of

| e ﬁsﬂf&w@a&gﬂﬁ%&ﬁﬁ1&(&@@1%9&%&%@@@&%@9@8@’mgﬁmyi and

n-Heptane / 2000:1. From 360 mg racemic material 142 m '
105 B AR P e RSP ANTRURRahphsbiohenyl

PWeABGated. The enantiomeric purity of both compound was 100% (measured by HPLC
on an anaiytic CHIRALCEL® OD 10 pm column), the optical rotation of the (—)-isomer is
ap? (¢=0.5 in CH,Cl) =~1.4.

Example 11: (-)- and (+)-2°,6-bisdicyclohexyiphosphinyl-Z-methoxy-1,1’-biphenyl (ib;
R! = Me, R® = R’ = cycichexy})

The separation was performed as described in example 10. The enantiomeric purity was
99.2% for the {(-)-isomer and 96.9% for the (+)-isomer (measured by HPLC on an analytic
CHIRALCEL® OD 16 um column), the optical rotation of the (+)-isomer is op™ (¢ = 0.5
in CHxClp) = 16.4. '

Example 12: {(~}- and {+)-2’,6-bisdiphenylphosphiny!-2-methoxy-1,1"-biphenyl {Ia; R'
= Me, R? = R® = phenyl)

The separation was performed as described in example 10. The optical rotation of the
(+)-isomer is ap® (¢ = 0.5 in CHCL) = 6.0.
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WO 2800/88% isolated. The enantiomeric purity of both compouf&

123 mg of

(-)-6-dicyclohexylphosphanyl-2 -d|phenylphosphanyl-z-methox%-l,1 -bi (?0664

(measured by HPLC 20 on ananalytic ZIH CEL(r) OD 10 gm column), the
optical rotation of the (-)-isomer is aD24 (c = 0.5 in CH2CI2) = -1.4.

R R e ks L i henyi(b: R

+)-2',6-bisdicyelohexylphosphinyl-2-methaxy-1,1:-hiphe . RrzMe,,.

T S0 Ry AT PS5 T SEBEPRIEH MG B AL AR i igand Ta

(1SHg) ]:gj;th 'ﬁﬁa@pa&@@?ﬁﬁ!&&bdﬁ%@ﬁtﬁiﬂ% /610 mhwp)d%aﬁwam&a degassed
96.9% for the (+)-isomer.(measure HRLC on a alytic, CHIR .

a0 FeS 1 G ORI B PRSI P EGPRTRf raied out

dl%{;qug ﬁ:k;& ??imﬁ.lﬂh@lﬁh} ﬁy?eggexs@zﬁsmmp Iﬁti)iﬁ?ifr:]c(dehim-gl to room temperature the
+)-2',6-bisdiphenylphosphinyl-2-me -1,1'-biphenyl (la; Rn.= Me,

roseHar S RBAYN TN AP L e O T A BB e bR B e m

0 3Qnihe:enticak wéaven-alitiewlth) tsfinesisaid 20i(cent i dride ik R)meric excess
6.0. WQ 2006/0Q2730 PCT[EP2005/006064 2 le 13: (S)-Ethyl

(oS R BT B S0 T S RGP RIS o L SR SO 13
(5.3 mg, 0.026 mmol), (+)-ligand la (14.3 mg, 0.026 mmol) and ethyl

acetoacetate (0.65 % 5.0 mmé%%is dissolved in degassed ethanol (30
Examyppieds fintiipthe-Byda ‘Wﬁﬁ‘%ergon hydrogenation is carried out 5
LPRNH B, b HRCeand &t 4 doar daydepiers FeSh(B.5Afe 00T ngroljporHligand Tb

temperature the reaction splution is directly analyzed by, CC, for .
o GO R IS B ESBRRER IS Hireg ndt ARSI Aiahed iidpzessed
efiifhenroaseyconid aabeiidbs anecliomerthexgesdyholgmatidpsdenitd out during

25in /0.25 mm). Conyersion is 99.7% at an ee af 99,0%. 10.Example 14:
LR A BLLYSREER BTAHIE A RO R doreBrpouaet e
remislﬁ @BHf@oBh lﬂfl@é&t@ m&j&a@@ﬁﬂ%@:ﬁg@@ﬁ@@@m@%my 25 g} /

mmol) and ethyl acetoacetate X .1 mmol) Is,dissolved In degasse
RAFRA PR A RO THE ALETEOA U S BNy B e crocs
(SAtHed Difcliuing 255/, FOEmh dCatddosioh ysAURY4 pressurof A6tERs.

cooling to room temperature the / 15 reaction solution is directly analyzed
by CC for conversion (column: HP-101 25 in

Example 15: (R)-Ethy! 4-chlore-3-hydroxybutyrate

In a 150 mL autoclave in an argon atmosphere bis{1-isopropyl-4-methylbenzene)dichloro-
ruthenium (7.6 mg, 0.012 mmol), (+)-ligand Ia (14.0 mg, 0.025 mmol} and ethyl 4-chloro-
3-oxobutyrate 98.4% (0.83 g, 5.0 mmol) is dissolved in degassed ethanol (36 mL). After
fiushing the autoclave with argon hydrogenation is carried out during 4 h at 80 °C and at

4 bar hydrogen pressure. Afier cooling to room temperature the reaction solution is directly
analyzed by GC for conversion {column: HP-101 25 m / 0.2 mm) and ee (columa:
Lipodex-E 25 m/ 0.25 mm). Conversion is 99.9% at an ee of 88%.

Example 16: (§)-Ethyl 4-chioro-3-hydroxybutyrate

In 2 150 mL autoclave under argon atmosphere bis(1-isopropyl-4-methylbenzene)dichioro-
ruthenium (7.5 mg, 0.012 mmol}, (+)-ligand Ic (14.4 mg, 0.025 mmol) and ethyl 4-chioro-
3-oxobutyrate (0.83 g, 5.0 mmol) is dissolved in degassed ethanol (30 mL). Afier flushing
the autoclave with argon hydrogenation is carried out during 3 h at 80 °C and at 4 bar

hydrogen pressure. After cooling to room temperature the reaction solution is directly
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0.2 mm) and, after derivatization with trifluoroacetic acid anhydride,
enantiomeric excess (column: Lipodex-E 25 in/0.25 mm). Mﬁf&égﬂdgﬂm

WO Y8492 503N ee of 86.7%. Example 15: (R)-Ethyl

4-chloro-3-hydroxybutyrate 20 In a 15034%L autoclave in an argon
atmosphere bis(1-isopropyl-4-metbylbenzene)dichloro- ruthenium (7.6 mg,

afa QLAY {oy) digartster( {#hhmmg, BI26 Indh o) /£h2l mihy aadbidrelumn:
Lt T e shaa mmehin i sealed prdogassed othand

he autociave with argon rogenation is carried
out during 4 h at 80 C and at 4 bar hydrogen pressure. After cooling to

room tempe éhﬁe the re%%tq n,solution is directly 25 analyzed by CC for
Exsmoelei ﬁ](f m“/‘eO 2 mm) and ee (column: Lipodex-E

1125 i3 L. 2Rt Ev<Gnnversion mﬁWabmﬂmmB%hExm&)m (2.6 mg,

Ethyl 4-chlaro-3- butyrate In a
aﬁ e%ﬁ i@gﬁgé]g/?’o%%y et y enze]rﬁ mro%%%i% enlum ?&de (0 53 g,
24 él 2 dissolyeinl ifmashid @4@3@ (la m:zs et fasting ijlesetaidaye wi
3-0x rate O mm is ved indegas
ame&%f%é%ﬁﬁ%ﬁ% SR §§%0§1 6de oaggnaf}?g)nﬁw :g%n FOSSHIS.
mm&ﬁ@o&ammﬁﬂmmﬂwﬂ pmbmgs Afanocaistirgddho oeridue

SO EUE Go00 DS A SRRy CCoTa ooy n A sapgfomeri

oRBel? L RummNaokd e dditaviviL GoteseionSa § @28 mmep Qifoﬁ?érsmn

is 100% at an ee of 80%. Example 17: N-Acetyl-n-phenylalanine 5 In a 15
mL autoclave in an argon atmosphere bis(benzene)dichlor-ruthenium (2.6
Eﬁﬁmﬁi@@ﬁ Moot -EHohat/lal@ieng, 0.011 mmol) and

minocinnamic acid (O 23 ) i?’ Ed !H]QEQBE
%‘E‘ %?— t‘;B\ﬁleaﬂﬂ115(1)'ng utocﬁa!\]%@ argon ydrogenatlon |s
m@ﬁﬂedxﬁbl& G(u-bl-ﬂgéiﬁi m@aﬁ@% B0riody M%@‘éﬂmmmﬂ}ﬁwc a,ozd;
coglin roo
R S A SRS ARSI st

R @@xﬁmﬂﬁmﬂhnnmme@wt(dmmdﬂ\mae@a“& Berat Piar hydmgen

Conversiopn is 100% tan ee of 43%. " vod and the
Qfgéﬁ}lﬁc&gﬁogﬁl%l gl TOOIL Fmgeﬁ )%ﬁm% ction, solution is evaporated an

anine In autoc ave In an argon

reldosphelpshishEiRbAcH chiversitTefiohma:; e%mge;oﬁg@@ngsﬂ 100 C8) and
%%2:&%2%%2%&%&%9%88&%&% -SRI SINNABIC, 66%.

Example 19: {§)-2-Acetylamino-3-phenyl-propionic acid methyl ester

fn a 15 mL autoclave in an argon atmosphere bis(1,5-cyclooctadiene)-rhodium{l} tetra-
flucroborate (1.9 mg, 0.005 mmol}, (+)-ligand Ic (2.8 mg, 0.005 mmol} and methyl 2-(M-
acetylamino)-cinnamate (0.10 g, 0.5 mmol) is dissolved in degassed methanol (6 mL).
Afier flushing the autoclave with argon hydrogenation is carried out during 15 hat25°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%.

Exampie 20: (R)-N-Benzyl-i-phenylethylamine

In a 15 mL autoclave in an argon atmosphere bis(1 ,5-cyclooctadiene)-diiridium(I)di
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(0.53 g, 2.5 mmol) is dissolved in degassed methanol (5 mL). After

W&lﬁ&g’;&gz%g autoclave with argon hydrogenation is carried out during 15 h

at 40 C and at 50 bar hydrogen pressure. After cooling to rook T/EF2005/006064

temperature the reaction solution is evapé¥ated and the residue analysed

by HPLC for conversion (column: Bischofkromasil 100 C8) and 20

RO BRY €8GO fmmhil; | CoptigRiet2aRM)0 Gopn ROSD i34 Beakylamine
B 6o 89% %8 ): (S)-2-Acetyl.0-3- l-prapionic acid methyl )

gster%ll%f al5mL au%%%é\eg 1|)r§,§a%r%ﬁ ajr%cﬁé e séﬁgé’}idgngfmm &‘21 & I.(%/zmnol) 18

slisgpiyadlciserssrd mayitrodi (h ik ad Sioebimals 61 HongtdPeRture. After
_li ). and methyl 2-(N-, 25
s M R e G 6 ne 1 a3 °C and a

acetylamino)-ci ate (O. Moy 1S d1S80

@rhay -I}Amﬁm 9m§¢hemw§%ew$1ﬁmofs Wﬂeﬂm?ﬁbﬁ@f}@ dor conversion
5 r rogen pressure. After cooling to

e S SRR Lt s Sy Nagel,

AalpsdarbBaurPid BE20040r Sionvosiomix Risehaffadremasibt00 C8)

and by GC for enantiomeric excess (column: Lipodex-E 25 m / 0.25 mm).

30 Conversion is 100% at an ee of 93.8%. Example 20:

Exarnple 31y IFpReBeletiidbpire e ghiaminautoclave in an argon

re bis¢l 5-cyclooctadiene)-di(iridium()di WO 2006/002730 .
T —
rRhletide)Rg70(620nantel) bumaglitindigsod fiey5076hg, MOTVane]), benzylamine

! : _ P Nis dissolen:
e e B R 2] Frmno
flirsaivgdie degrserdva siidnal ¢6 miby) dnod etiatidrids Danieconutalpngti, After

.Th i lutiop, i
IRLA RO ARIObaE NEaSDIESIE, Thercaelon SORIOE 120 oC and a

directly analysed by GC forconversi umn:

af derhosre reassens T eoleantion/ el bt peyidGigeit Nmelgoe s BER BMonversion

4 ion 0 of 29%. Example,21:

e I Ra) (o ) SR el o SRR s Moo Nagel
Blvstrssias ie st MELEy2 1806 oG el ifivithi G OOkt ahlesid£) 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-(I-phenylethylidene)amine (0.21 g, 1.0
Farapiple 2dis68vBimathpd apsbainwettiantt (5 mL) and stirred for Ih at room

r f ' ve with ar hydr tion | )
%%gr%rg?é% %%%%%fégﬂﬁaﬁ%?gﬁé%ﬁu&%ora%eg&ﬁ n , U mmoﬁ and ligand
(+)-Ic (3.1 mg, 0.005 mmeol) are dissolved in 5 mL degassed methanol in a 15 mL auto-

clave under argon atmosphere. Dimethyl itaconate (97%, 0.15 g, 0.9 mmol) is added via
syringe. After flushing the antoclave with argon, hydrogenation is carried out during I5h
at 23 °C and at 2 bar hydrogen pressure. The reaction solution is directly analysed by GC
for conversion (columa: HP-101 25 m/ 0.2 mm) and enantiomeric excess {colummn:
Macherey-Nagel, Nucleodex Beta-PM CC200/4). Conversion is 100% at an ee of 30%.

Exampie 23: (R)-Dimethyl methylsuccinate

Bis(1,5-cyclooctadiene)-rhodium{l) tetrafiuoroborate (2.1 mg, 0.005 munol) and (—)-ligand
Ib (3.2 mg, 0.006 mmol) are dissolved in 5 mL degzissed methanol in a 15 mL antoclave
under argon atmosphere. Dimethyl itaconate (87%, 0.15 g, 0.9 mmol) is added via syringe.
After flushing the autoclave with argon, hydrogenation is carried out during 15hat 23 °C
and at 2 bar hydrogen pressure. The reaction solution is directly analysed by GC for



15 50 bar hydrogen pressure. The reaction solution is directly analysed by
GC for conversion (column: HP-101 25 m /0.2 mm) and enantiomeric

WO W& olumn: Macherey-Nagel, Nucleodex Beta-PM CCBE0/H]2005/006064
Conversion is 100% at an ee of 10%. Ex4mple 22: (R)-Dimethyl
methylsuccinate 20 Bis(1,5-cyclooctadiene)-rhodium(l) tetrafluoroborate

c@ﬁemigré({_cﬁﬂﬁmnﬁl)umﬁ l@andO(}mI:mfgngaiﬂiﬁﬁ&niﬁmmméwlumm Macherey-
issplved.in 5 mL, de ano| i mL auto-, clave r.argon
hgal%gsgél‘ﬁ)e %Fé’%ﬁ#e‘%ﬁy i a?grﬁg}%?‘%fl 86%(31&86 m}*mact)lﬁsegége? <‘/’|'a

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 25 for conversion (column: HP-101 25
m 10.2 mm) and enantiomeric excess (column: Macherey-Nagel,
Nucleodex Beta-PM CC200/4). Conversion is 100% at an ee of 30%.
Example 23: (R)-Dimethyl methylsuccinate
Bis(1,5-cyolooctadiene)-rhodium(1) tetrafluoroborate (2.1 mg, 0.005
mmol) and (-)-ligand 30 Ib (3.2 mg, 0.006 mmol) are dissolved in 5 mL
degassed methanol in a 15 mL autoclave under argon atmosphere.
Dimethyl itaconate (97%, 0.15 g, 0.9 mmol) is added via syringe. After
flushing the autoclave with argon, hydrogenation is carried out during 15 h
at 23 C and at 2 bar hydrogen pressure. The reaction solution is directly
analysed by GC for WO 2006/002730 PCT/EP2005/006064 24
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%. WO 2006/002730 PCT/EP2005/006064 25 Claims
1. A process for the preparation of asymmetrically substituted
biaryldiphosphine ligands of the formula 5 Rl 10 10 (R2)2P P(K.3)2
wherein Rl is Cl.6-alflcyl or C3-10-cycloalkyl optionally substituted with
one or more halogen atoms, and
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R2 and R3 are equal and are selected from the group consisting of aryl, C

wo 2%—@3@9% cyl and CI.6- wherein each aryl moiety is optionalpﬁ‘ ztj)tﬁgl?}(ajsow

15 with one or more substituents selected from the group consSisting o
halogen atoms, nitro, amino, Cr.6-alkyl,“Cl.6-alkoxy and

I-Cl.6-alkylammo groups, or R2 is Cl.6-alkyl or CS_10-cycloalkyl, and R3
' optionally substituted with one or more substituents selected from
the group consisting of halogen atoms, nitro, amino, 20 Cl'6-alkyl,
Cl.6-alkox angl di-Cl.6-alkyl.o groups, and each CIS-alkyl, Cl.6-alkoxy, =
Lii-c %ﬁﬂ(y}%% TP TEPRALSRIRY PAYTIP SRiRally sybatiiuber bisay|dinbpgphine ligands
subsiittiedasibiiiane or more halogen atoms comprising a first reaction
sequence, wherein one bromine atom of 25 2,2',6,6'-tetrabromobiphenyl
Br Br Il ei Br Br 30 is exchanged with ORI by bromine-metal exchange
and subsequent metal-hydroxyg exchange, followed by an alkylation, to
afford a compound of formulg 26 Ri O Br IV Br Br wherein R1 is as

defined above, and fur Ractior; ences, wherein each reaction
sequence comprises at fore ip -metal exchange and I,
ange€ with the 10 respective

subsequent metal-substitser
s ﬁgpective bromine atoms with

substituent, thereby ex
substituents selected fr P nsisting of hydrogen and

diarylphosphinQ, di-C-6-alkylphosphino and di-Cs-io-cycloalkylphosphino.
2. THREFTGE s‘BF%raiﬁﬁ‘fij it ﬁ?ﬁ@ﬁ%?%?eﬁfmﬁﬁémmw&ém or more

carriggdcushihind male equivalent of n-butyllithium at a temperature
beloﬁb-ggd%ﬁtgr% Qq%ﬁlég%darroexs%lected from the group consisting of aryl,
Cs.je-cycloalkyl and C;.s-alkyl, wherein each aryl moiety is optionally substituted
with one or more substituents selected from the group consisting of halogen atoms,
nitre, amine, Cy.¢-alkyl, Ci.e-alkoxy and §i-C; g-alkylamino groups,
or
R’is Cre-alkyl or Cs.jo-cycloalkyl, and R is aryl optionally substituted with one or
more substituents selected from the group consisting of halogen atoms, nitro, amine,
Cig-alkyl, Cy.¢-alkoxy and di-Cy¢-alkylamino groups, and
each Cy¢-alkyl, Ci¢-alkoxy, di-Cy s-allcylamino and Cs.io-cycloalkyl group in K* and
R’ optionally being substituted with one or more halogen atoms

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

Br Br
is exchanged with OR! by bromine-metal exchange and subsequent me{al-hydroxy

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



exchange is carried out with a borane or organoborate, and followed by
reaction with a peroxy compound in the presence of an alkali and/or earth
alkali hydroxide, and the alkylation is c%ried out with an alkylating agent
in the presence of a base. 20 3. The process of claim 2, wherein the
borane or organoborate is fluoromethoxyborane ethyl ether adduct or
trimethylborate. 4. The prgtess of claim 2 or 3, wherein the peroxy
compound is selected from the group consisting of hydrogen peroxide,
peracetic acid, rn-chloroperppenzoic acid and 25 tert-butyl peroxjde. 5. The

process of any of clai i 2 \o R the alkylating agent is a Cl-6-alkyl
halide, a C5-to-cyclo' bhy| sulfate. 30 6. The process of
any of claims 1 to 5, whete

starting from compounds of il

eaction sequence is carried out
rmula IV, comprising a low temperature
bromine- metal exchange of two bromine atoms and subsequent
metak—b%hos ine e%g to _afford a compound of formula WO
2008/002730 PETI g% 06064 27 Ri0BrV, 5 (R52P P(R3)2
whensinfirthsrasatafinedmboves, avicRihandhiR 8atee gemianod cymprigks at least
optignali. substtuicd uith one, o more substuents selecied KOMUE wih the
group con&s’ﬁlng 0 a}foge atoms, nitfe, amino, Ci. -aiﬂ(yﬁ |-)83-a"111?§xy
andreszektvalkmpstinia gheogs; $0chatgear thCrGmikylcGsdminpcioatistvith
Cie alkoxyand diGlerallylaming aroup i B2 990 83 opUenall being. v,
subHLSEEWith BRe or more a%g n-atoms, and the reg“nalnlng rominer e
atonii €F theltyippotpichofatut mhi{as Voisyelplakgbvatiphingdrogen by high
temperature bromine-metal exchange and subsequent reaction with a
proton donor, to afford ligands of formula 15 R 0
The process of claim 1, wherein the first bromine-metal exchange 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 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.

The process of claim 2, wherein the borane or organoborate is fiuoromethoxyborane

ethyl ether adduct or trimethylborate.

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

tert-butyl peroxide.

The process of any of claims 2 to 4, wherein the alkylating agent is a C;¢-alkyl
halide, a Cs.p-cycloalkyl halide or dimethyl sulfate.

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

afford a compound of formula



I, 20 (R2)2P P(R3)2 wherein Ri, R2 and R3 are as defined in compound
7. The process of any of claims | to 5, wherein a further reaction
Wé{e%l%%’ﬁ%eqos carried out starting from compounds of formula R T/EP2005/606064
comprising a low temperature bromine 25 #detal exchange of one bromine
atom and subsequent metal-hydrogen exchange by reaction with a proton
donor, to afford a compoundgp{ formula Ri 0 30 VI, BrBr wherein R'is as
defined above, and a further lo ;. erature bromine-metal WO
2006/002730 PCT/EP2005/006064 exchange of the remaining
bromine atoms and subs Nt metal/phe sphine exchange, affording
ligands of formula 1, whé NS 5 above, and R2 and R3 are
equal and are selected fra gisting of aryl, CS-lO-chI’oalkyI
5 and Ci.6-alkyl, wherein each aryl moi€ty is optionally substituted with one
or more 5 substituents sel@&t frorﬁ‘(ﬁe}roup consisting of halogen
atoms, nitro, arqipo, Ci-6-alkyl, Ci.6-alkoxy and di-Ct-6-alkylamino groups,
and eddheiveRaligps Gl ybivakendR Grad® X ward il Gad-atkdamipgionally
group {gR%a08 & | ' ituted with.one or more halogen
atoms(.g 10 8. The%oﬁi og aﬁg/%g&n%sﬁ 8q%?¥\\§.\§%1e‘r)el t%efgjfﬂﬁlé’rcoﬂsmmg of
reactidflese ettorsinizerientiont Gtaratyly Shsexdkepgundioiiosmidd AMino groups,
COMPpris| € rature [ tal exchange.of pne hrogmine )
o e ety g proup i R
donor ks Effetetianadiy beingisebstmtedaniih wheosim&tibasgetefings, and
abovegandyln.a] Ine-metal exchange gof.one promine
ato me%@dqsu bseq%gﬁ%%%%%g%ﬂ g’s%ﬁ%%gg}g ?ic{goe’ %%“gfgbafi é%%ﬁ%%#ﬁﬁh
of forrByiaogecby high temperature bromine-metal exchange and subsequent reaction with

& proton donoz, to afford lgands of formula

15 1
R\
O
& L
np  pES
20 R, &)y
wherein R', R? and R® are as defined in compound V above,
7. The process of any of claims 1 to 5, wherein a further reaction sequence is carried out
starting from compounds of formula IV, comprising a low temperature bromine-
25 - metal exchange of one bromirne atom and subsequent metal-hydro gen exchange by

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

1

R\

O
: O S
BrBr :

wherein R! is as defined above, and a further low temperature bromine-metal



20 VIl (R)2P Br wherein Ri is defined above, and R2 is 05.10-cycloalkyl
or Ci-6-alkyl, the Ci.6-alkyl or C5-10-cycloalkyl group optionally being

WO 9646788 d with one or more halogen atoms, 25 and a high ¥&rhBFErafGRNs064
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bromine-metal exchange of the remainir&gbromine atom and subsequent
metal-phosphine exchange, affording ligands of formula I, wherein Ri and

R2 m@@efﬁeﬂ%ﬁ%ﬂgbﬁ%&aa}baﬂh@ﬂ%a&pﬁ@ﬁ%ﬂhm
more bstl (%g m@ﬁr‘? qup nsms gof hadl erha{) AR? and
S R AR R AR ane 2

nitro- a allRyIaming groups,

and Réak‘e@qﬁahﬂryi a@!&elﬂa’@&:ﬁmikyhecgc@ialkomﬂmg diEGie- alindayihmlkyl and

grou pLi ubs ted w gen atoms
A B e T RS R
clal ms%ﬁttm&;waﬁmm@ﬁohﬂﬁw gnmwea:ansmtimpnf helag@adtmns}mn@eammo,

carrl it [lithiu ature below 40 rab
the r H@@%\f{'\u% %%’8 %‘?6? 16;1 pro ea%% ANy 8 ’czlmlmsé‘ &Sﬁ'aﬁéy
whe[emOtbycﬁngmmamjhmjomm@n@mkﬁmgmtq)aarﬁédmm?/\mgb'tmnany

IJ|th|u butyllithium at a perat re of at least +0 C,
ref I%B%/S'ﬁ ﬁ%u%ége%‘ RS 8 AT éw%geflheyprocess of any of claims 6

to 8, wherein the hydrogen donor is selected from the 10 group consisting

of C alcohols ater 1 and Cl.3-alkanoic.acids. 12..The process.of
.8 %P&gf&%&ﬁ §n%ﬂ‘fH1C s Wﬁﬁr ﬁ%%ler Teaciion s meae Ouc%amed out

any efeihtne meta osphlne exchangeisc

usi ngtarﬁagﬁhm@kmmuﬁdb ef(fmmzlﬂa)M Mr\ﬁlﬂzg momapeﬁénse bromine-
chlorln ro ine or OCII{Q and R 3?6) d are | R2 otfﬁg her 0 hanseb
R2 a‘ﬁlg RS Rty Above. S 8? awnv hetein Be oy
the hatepbaspliine mbtbe fmmula)\dfﬂmélectﬁdp&md tfdayrovip Minmhar@n R'is as
ofhag)%h(%sé{%‘%cégalkyl)phosphlnes and

a low temperature bromine-metal exchange of one bromine atom and subsequent

metal-phosphine exchange, to afford a compound of formula

wherein R! is defined above, and R? is Csg-cycloalkyl or Cyg-alkyl, the Cp¢-alkyl or
Cs.o-cyeloalkyl group optionally being substituted with one or more halogen atoms,
and

a high temperature bromine-metal exchange of the remaining bromine atom and
subsequent metal-phosphine exchange, affording ligands of formula i, wherein R!
and R are as defined above, and R? is aryl optionaliy substituted with one or more
substituents selected from the group consisting of halogen atoms, nitro, amino,
Ci-alkyl, Ci¢-alkoxy and di-C;¢-alkylamino groups, and each C;.s-alkyl,
Cs.io~cycloalkyl, C.s-alkoxy and di-C;.¢-alkylamino group in R? optionally being

substituted with one or more halogen atoms.
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wo w%m%@yclohexylphosphine,chlorodiphenylphosphine or

halodiarylphosphines, preferably is selected from the group consisting of
chlorodi- cyclohexylphosphine,
PCT/EP2005/006064
bromodiphenylphosphine. 25 14. Comp%%nds of formula Rr0 30/11
(R2)2P P(R3)2 wherein R' is Cl-6-alkyl ar C3_io-cycloalkyl optionally
9subdiERIECRAtPEBE 0P TEbIEMCOR0EITOZR3E FdTYERPZIOSINTE bem B -metal
halogen Aams ARG AR A- W@lﬂrﬁ Alke é?ﬁﬁgﬁﬁﬁhlﬁﬁg“@@referabiy

consisting of aryl, C5-10-cycloalkyl and CI-6-alkyl, wherein each aryl
moiéhytie %ﬁiy‘@.ﬂ@st&ﬁ}té@l with one or more substituents selected
from the group consisting of halogen atoms, 5 nitro, amino, Ct-6-alkyl,

Cl-6-alkoxy and di-Ct.6-alkylamino groups, or R2 is Cs-to-cycloal cyl or
16t 6 akprosses RBasYe§ Ichpms oy Sunbexare thwiieb fenmengigre bromine-metal

subsiityents selecinth gm&a?,mgﬂmmﬁ BRIGHRRAIR NS, (A dﬁemture of at
amino, CI-6-alkyl, C1.6-alkoxy and di-Cl-6-alkylamino groups, 10 an

eackeat 6hikylpeiaghlydpHiryrres efatikoey =8 8- C1-6-alkylamino group

in RZ and R3 optionally being substituted with one or more halogen

atoms. 15. Compounds of formula R 15 0 VI, Br Br 20 wherein Rl is
1€1-eTakproressofenyefodaipisoptivh ampetsis fhgbpdmgse dersr isedected from the

halo&%ﬁg@&ﬁ&sﬁng of Cy.s-alcohols, water, HCI and C.s-alkanoic acids.

12. The process of any of claims 6 to 8, wherein the metal-phosphine exchange is carried
out using a halophosphine of the formula

P VI,

R TR

wherein X is chiorine, bromine or iodine and R are egual and are R” or R®, wherein
R? and R? are as defined above.

13. The process of claim 12, wherein the halophosphine of the formula VIII selected
from the group consisting of halodi~(Cs.je-cycloalicyl)phosphines and
halodiaryiphosphines, preferably is selected from the group consisting of chlorodi-
cyclohexylphosphine, bromodicyclohexyiphosphine, chlorodiphenyliphosphine or
bromodiphenyiphosphine.

14. Compounds of formula

®H,p PR,

wherein R} is Cy.¢-alkyl or Csg-cycloalkyl optionally substituted with one or more
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16. Use of compounds of formula I, R1 25 (R~2P P(R3)2 30 wherein RI
is Cl.6-alkyl or C3_jo-cycloalkyl optionally substituted with one or more

WOAIEH8A & oms, and RZ and R3 are equal and are selected RS/ EREYUHG064

consisting of aryl, Cs_ 0-cycloalkyl and GtJ6-alkyl, wherein each aryl

moiety is optionally substituted WO 2006/002730 PCT/EP2005/006064

31 witalegen@iomssendibstituents selected from the group consisting of

halogen, APPSR ARIN G B BRI frlals AMist
di-Ci-6-aIkylaminoggroups, oreRZ IS C5-'go-cyc?oa C{):[‘ C%Sténﬁﬁyﬁag%’d R3

is anyFoprievfykyband ted-alitlowbwein sudrasd pevieiyissoptientliy substituted
from {henasRy B ABRLRR AL QS0 AL TS VHO A Osn S BAY]

C~-6-alkoxy and di-Ct-6-alkyiamino groups, and éac Ci-ﬁ-a%}g%aol%ﬂogm atoms,
Cs-lonéiyelcama, Cr-6-alikdx (- asaliicnasdaiiyiamilbyipoupdizRapand R3
optiogally being substituted with one or more halogen atoms, for the

preparg’gion of catalytic active complexes ofstransitions metal, preferably of

10 rulhgditmpreicanaticdrariCiunaligd, awbRadss Prdomsefeilthenpstpaedtisith one or
Of eoymmReliEahiostuled BghspYdnhosaRles PRI, ami
10 wherein R1 is Ci-6-alkyl or C3.10-cyclo |k§F§§%§8ﬁé %égg?t%%%gﬂvﬁh 0, &MIR0,
one drraslyhélogetarorsd sirdRealkmBntgmypsl and are selected

from the groye:c _gﬁ'@ir@ ( %%Ii Ci5-h07€yC ang Ca-6- k15 )
R2is Cs-l}p-cyé%alkyl ‘or sgﬁ -aﬁ<yl,y§’nd %BQE aryl optﬁ%r%ﬂ?%%&?t‘%ﬂ?écﬁr oup in R
with @aé Br ppdienally being substituted with one or more halogen atoms.

15. Compounds of formula

VI,

Br Br

wherein R' is C;g-alkyl or Cs.po-cycloalkyt optionally substituted with one or more

halogen atoms.

16. Use of compounds of formmula [,

i

=\
O
3
®),P PR,
wherein R! is Cp.s-alkyl or Cs.19-cycloalkyl optionally substituted with one or more
halogen atoms, and

R? and R? are equal and are selected from the group consisting of aryl,
Cs.jo-cycloalkyl and Cr.¢-alkyl, wherein each aryl moiety is optionally substituted



substituents selected from the group consisting of halogen atoms, nitro,
amino, C1-6-alkyl, C1-6-alkoxy and di-Cl-6-alkylamino groups, and each
WO W68, Cs-lo-cyeloalkyl, C1.6-alkoxy and di-C1-6-alkylaftiRERiHEAR064
R2 and R3 optionally being substituted With one or more halogen atoms,
from 2.2',6,6'-tetrabromobiphenyl by a sequence of bromine 20 metal
exchaiiyosaemnstiosadpst htantactitasted X5080the group consisting of halogen atoms,

nitro, amino, Cy.¢-alkyl, Cis-alkoxy and di-C,¢-alkylamino groups,

or |

R? is Cs.jo-cycloalkyl or Cyg-alkyl, and R? is aryl optionally substituted with one or
5 more substituents selected from the group consisting of haloéen atorms, nitro, amino,

Cy-alkyl, Ci¢-alkoxy and di-Cy ¢-alkylamino groups,

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

and R’ optionally being substituted with one or more halogen atoms,

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

10 ruthenium, rhodivim or iriditm.



