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

weneostoozrrer i cal |y pure conpounds is inportant POT/EP2005/006063

i nprove the effect of pharmaceutically active

conpounds and to restrict unwanted side effects of the
"wrong" isoners. The invention relates to a process
fRrocésh forpthejaepirationalf asgnmueeticaladubytiqited bidryldighosphines
bi aryl di phosphine |igands and transition netal

con‘pl exes thereof for the hydrogenation of unsaturated

Al oG Rﬂﬁ‘&fc Hy hﬁ‘& o @u ?s’f@hﬁﬁ@ﬁ’ant &?W}t’% ﬂrl%;é effect of

cat ytlch oenatlo is O e npbst e
qﬂdrmmulmaillgmbtwmtdmpkmnﬂm ancbtoarpsiriblnglvxeanwdckeader afegts affthe “wrong”
enant i r.icall ur e conpoun Provi di n t hods f

tIFENG?- g@%&é"“@&ﬁg r %F‘teéf O&esS | ‘afrthe RTSPaTatio] o flsymemc*ﬁ[

Fétlﬁsf Ree HfaF%lé ph8§IHiNEl ééﬂﬁ?%‘t%sﬁfbﬁ rﬁ&mpc%tﬁ&eg RRE&Sfor the

tensto an-increasingly inportant rol'e in

&ydtdgenatmncdf emaiunajad Beshaérah tordpinds phing saill icgmplexes.
famlies are comonly known with their trade nanes,
for exanple BINAP, CH RAPHOS, DI OP, DUPHOS, SEGPHOS

G iRy 1 VBL BRGEnARN 1§ BiR cﬁf tROR0L dABieRf and convenient methods
bi aryl di phosphl né |igands of the BINAP, SEGPHOS and

TonARpIOB S |vwideirasgenienditiomarisally pureEPmRO0Rds. Basfldmg methods for the

EP- A- 850 A-01

BT RORB LoVE K0y 9886 e §IBES i somypounyang compounds
fthatesf teedsde plakdn iMereesingr tAipstantfsle id $yntscic chémi3aly, Several

C-C et al. etrahedron Lett. 2002, 43, 2789-2792 the

whighosphine lipgndcaviliesase @mamenlbr;}qnewedwx@eymé@ pames dor example

hylgl:%ﬁg @@ﬁmg e”t‘?@ﬁj“gﬁ&‘{??b? -‘oxobut yra é) HIOSS

descri bed. Further exanples for the preparation of
bi aryl dj hosphlnes d as tric _hydro natlon

rl\égtégcﬂsoﬁqg hepreppratignghypiaryl pg}gge ligangs of the BINAP, SEGPHOS and

P X PO Bl e s ERAER T 6*%?@0@?‘%%9%@0?@&0”21625’

gyspeetivel ¢ Fukthemnete WiOyAr08102D254 diyclesds atsiyhihesislof a fluorine derivative

SRR G otk B 2" C

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

substituted biaryldiphosphines and catalysts derived therefrom is disclosed.

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

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

CONFIRMATION COPY



cl ai med, though only exanples of symetrically
substituted ligands are disclosed. Wth only few

W@ p@eiobi7ed excepti ons, no general applicabl e syPCTEP1005/006063
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route to unsynnetrlcally substi tuted

bi aryl di phosphi nes and catal yst5s derived therefromis

di scl osed. Biaryl diphosphine |igands consist of three

diaf¢ eyremttricsiedtitétion pattetgiod the @y indciderticad phesphine gnaups. As a rare

apls WPr - R 0sR R oSt e mrmaian pdrb b P st 4 hloro-
9 @;[}f‘b'uf))régg Sd'ég‘fgéi catdf &%nﬁﬁit%g%)i @?1 d LS)%HQ&@}(;@S BEHENS-

synmet tut € core and

i X2 ridis(dphepyiplsgsphine) gxphamd Thks(sa—atcahel iexhtapried with an enantiomeric
VE)A— 2/4g{§% di scl oses asymetric hydrogenation of

RGPS (90) OhPot 3-oxobutyrate, using a catalyst

contai ning the ligand (5)-6-nmethoxy-5", 6" -benzo-

2, 2' -bi s(di phenyl phos rhi no) - bi phenyl . The (5)-al cohol

@ AbD 647648 anil WOah-021HMO?2 olaem dmllex}dase.s v(n@easymm@e%lly substituted

/
il e b e Eaasy S BRI R G G Rae g pochee broad
Q}aﬁeiy%‘f%@férxﬁtta@ﬁhh&trwaup%msynq&e@mﬁrymbh&pht@higana@

produce a broad variety of different asymetrically
substi t ut ed bi aryl di phosphi ne i gands For the

?’og&l%e%p S8 Bﬁ B}? élg\r)%l &tgjla\é}?enrg %t%tg%g dfphgsghm%s ama or obstacle had to

Fe FRRbfletd depicRahir Sehdme Ay 2’-d1pheny1phosphmo-2-11th1ob1phenyl genera-
2' - di phenyl phosphi no- 2-1i t hi obi phenyl genera ted ?

i tﬂd ay arciateamedipte frided tovicii @p gsyapmesigalppybstituted biary diphosphine by
glaéngatl['% e\gltf? RN 9 F%E%IBH Sgﬁﬂlg %Bﬁ@?)h%@ 1%%{?1#86 %uorme

oro i"or gany onen a si
fd}ﬂm{ﬂenﬁ braihin® hiohe o4 mhgkemletbo;@t arrdnmethylasim@ Eeoupetds (attyched to the

or %ﬁ"@{ ; Jy%rggt%o g[(gql%% WaSOrgjtth ache é}.?g% 367]?888| ! g)onds o,
8%%%%5%9@0 %@gargﬁet EIP9966, 50! 257} SRR ufd¥esB nucleo-

e conpounds uhdergo nucleophlllc
Sphikid substitution att the phogphoss latomu 8n<h¢§c¢hzmmh toytﬁiordz biibenza[b]phosph-

T, it R R S SR

Aepicted in Scheme 1 below.

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

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

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

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

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

isopropoxy, butoxy, isobutoxy, sec-butoxy, fert-butoxy, pentyloxy and hexyloxy.
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depicted in Schene 1 bel ow. Here and hereinbel ow t he
term"enantionerically pure conpound” conprises

Wopikoad7ky active conpounds with an enanti onmer PCT/EREI806063
(ee) of at least 90 % Here and herei nbel ow the term
"Cl-n-al kyl" represents a |linea or branched al kyl
group having 1 to n carbon atons. Cl-6-al kyl
ISehéras erUssuteossfak appbsche® tdyslymnedttisdily spbstivyted diphosphine ligands.
isopr%PyI, butyl, isobutyl,_sec-butyl, tert-butyl,X

and hexyl. Here and Ker ei nbel ow the term

oXI\' represent g | i ngaa=\or branched

but o i’sobut oxy, c- but ox tert-butoxy, pe

& anp y
Xy, t nt yl oxy
and h%fxylf(ga@s)zScherre 1: Unsdéddssful appr oaché‘éﬁ)éts)@};< Br

asynmetrisal |y substituted di pposphine |ligands,/ with X
= H F, d \Br, OCH3, Heye and kereinbel ow t term
"C3-n-cycl oalyl " reprgsSents a cygl oal i phatgc group

o_

having 3 to n carbon 4ons. C - ycl oal kyl
represents nono- Xand pol ycyclic ring stens such as
cycl opentyl, X cycl ohept cyclooctyl,

adamantyl or
"C3-n-cycl oa 4 X
having 3 to n carbop atons. C5-10-cyc\ oal Ky
represents for @tamCggycl opent yHgX)P &ycl ohexyl oxy,

cycl oheptyl oxy, cycl ooctyl oxy or cyclodecyl oxy. Here
and her eilﬂ{?&l tha term"di-C 1-6-4l kyl ampioPR,Cl
represents?a al kyl agi no -Gyl gghpri si ng t al kyl

noi eti es i ngkependent| yAhaving 1 to 6 carbon atons.
Di - Cl-6-al kyl am no represents for exanple N, X
- di nreyhyl am no, iV.iV-diethylam no,iV-ethyliV-

ey \am y
- NE i opyl am no, Ty Rexyl am no
- rekyl atin0. Here and herd| nbelew the term "ary

represen n aromati c group;p’preferably phenyl
naphthyl £@}fyf’ifi)?onal |y being furlther substitut egﬁﬁg‘?z

or. nore_hal ogen a nitroQ@Hd/ or am no groups,
m#gﬂi%gF’lgﬁﬁgﬁi@m&l ed Cl-6-al kyl, Cl-6-al koxy
or di-Cl-6-al kyl am no

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

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

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

cyclohexyloxy, cycloheptyloxy, cyclooctyloxy or cyclodecyloxy.

Here and hereinbelow the term “di-Cj.¢-alkylamino” represents a dialkylamino group
comprising two alkyl moieties independently having 1 to 6 carbon atoms. Di-Cy.¢-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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groups. Here and herei nbel ow the term"C*-al cohol s"
represents nethanol, ethanol, propanol and

w0 s@proaanol . Here and herei nbel ow t he term " Q@CT/EP2005/006063

3- al kanoi ¢ aci ds" represents foinic acid, acetic acid

and propanoi c acid. Considering‘the high stereocontro

and efficient action of enzynes, i.e. natura

diare byd hereingelowt the fefrmr ‘taryls repyesentstap arompatipsgroup, preferably phenyl or
selectjvit nd .efficiency,.of artjficial catalyst .
330U aeiohy i Bris Rutief SuRlef b obf aPmaiifyebRiafyms. nitro andor
| adiR6 Sfduph ind R BRERESly subRitites )Gyl T, QbiIRIRyI? dRE | ¢-alkylamino
sol ved by the present invention was to provide a

regoensd for the tailored synthesis of .a series of

bi aryl di phosphines. A further problemto be sol ved was

to establish said process in a robust nmanner to

&Y b hé&inbaleivertha fRmiCy sficdhiokdnélsiededfs thétRanol, ethanol, propanol and
pharmaceutical industry. Furthernore, the genera

dememokhoul d start with an easily avail abl e conpound

and should contain few reaction steps, allow ng the
synthesis of a wide variety of |ligands, only dependi ng

EHert A6d her@imbelow the ey ;-alltmolty RIsE feptesch fenis abiesketic acid
according to the process of claiml. Provided is a

g peepaneisacidne preparati on of asymmetrical ly

substituted biaryl di phosphine |igands of the

fornmul awherein R1 is Cl-6-al kyl or C3-10-cycl oal kyl
(dnsiledhg thedhigis stedeat@drohatdefdiceno activarof ehainogeie. abtma, catalysts,

PR SRR RS HESE! RmaTovErgeon B atl Epelbey AL G caalysts, particulaly

s &éikéﬁdctioﬂ‘@@%lﬁhﬂa%ﬁ@alﬁf i)ﬁker&gﬁhgwm'gémﬁﬁ.t i onal 'y
substituted wth one or nore subsTituents sel ected
fromthe group consisting of hal ogen atons, nitro,

%&g@p&%Lgrlo@élghtogf:sgiv%}i @@e %%g%"g gtin%lmgn \?vlask M)l p%“ézi'&%’ a method for
Ghe falloRdalkiheasb®series of biaryldiphosphines. A further problem to be solved was
to establish said process in a robust manner to provide suitable amounts of ligands for the
pharmaceutical industry. Furthermore, the general concept should start with an easily
available compound and should contain few reaction steps, allowing the synthesis of a

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

Provided is a process for the preparation of asymmetrically substituted biaryldiphosphine A

ligands of the formula
1

N

O

®),P PR,



and C5-10-cycl oal kyl group in R2 and R3 optionally
bei ng substituted with one or nore hal ogen atons,

w@owpdzseng a first reacti on sequence, wherei NPOMEP2005/006063
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brom ne atomof 2,2',6,6" -tetrabronobi phenyl is
exchanged with ORl by halogen-ﬁ%tal exchange and
subsequent nmet al - hydr oxy exchange, foll owed by an
ai/h@yélﬂtR anC;.¢-alkgt 610C ohoaycloalpglomtionhlly substitutedwidh eneorRmore
i.s.as defined, above, and a second reacti on sequence,
valagen Ao8He ¥} oni ne at om of each aryl nDiety of the
Cl(y' %‘alwdaerndEﬁéﬂa%t%f LeYedi Rl RHA MBS Wbidistin %{I,st_lo-cycloalkyl
hal ogen- et al* exchange and subsequent neta i'ne
emd i@ redkyl) whebimadh aryt mopaty rsobmlbnalbr sublstatutedlvaﬂdone Or more
ther re uences, wherei.n each react.
b’ o] Bod T SRS SonsiiNEE R PuGRR bR i ChmingeCr.o-alir
KOSEAMSH eftd QxR RGN ¢ N-diksy, di-Cy.¢-alkyl-
regépaZCt I've gﬁ%%ﬁ?%%wﬁ mdexchgﬁgl ngywI s Y L
ramsipe and Ce dhaiclgtiyl stovpin R ahd B bpuwnauerrbtemw@bémte@l with one or
fromgt rou conS|st|ng of hydrogen,
dP%FJPBﬁB - C1- 6- al kyl phosphi no and
-Cs-i0- cycloalkylphosphlno The brom ne-net al
exchanges mentioned in the instant invention nay be
campristhgoufirstieastianteqrenge, wiaiein woa hrongine gipm ?%%é 20.0-{etrabromo-
qgﬁ@nopetalllc conmpound at a tenperature below -40 C
enperature brom ne-netal exchange") or at a
tenperature of at last 0 OC ("high tenperature
broni ne- net al exchange"Bt BEhi r al bi aryl di phosphi ne
| i gands conprising a _hi aryl
permanently tw st eund the\central car bon- cagfpon
bond have two atr oy \ et ri ¢ hydrogenati on
W th transition nmeta—~conpl e are preferably
perfornmed with one of tglepgatropi soneres and optionally
further chiral auxiliaries. Therefore, it should be

ap Qf(&ﬁthgé(ﬁgith OR! by halogen-metal exchange and subsequent metal-hydroxy

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

R\

O Br

Br Br

wherein R! is as defined above,

and 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

1

S\
O Br

O v



that any reference to |ligands of formula wherein R1,
R2 and R3 are as defined above, inplicitly includes

w0 e®emoa7epi soners V-S, and T-R if not ot herw SBCT/EP2005/006063
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specified, e.g. by indicating their positive (+) or
negative (-) optical rotation. The undesired ring

cl osure nentioned in Schene 1 above can surprisingly
bemdfindhateehchign sérpiehepsewhérein qackh caastion Jdymenaeaotripoises at least one

gtfe uence ?11 Qegc’%%n%f? (%?lﬁﬁ'f‘f%eﬁl‘?eé‘? gleegai 6{118{11@%5 ﬁ)? ﬁ%@fﬂlﬁ fiE respective

%%B@cﬁﬁerﬁ thEleBP 8k Hah S e ﬂeb&%ﬁ%hzﬂo noa[!bms with substltuents selected
6 -tettabromdbrphenyl (111) and

ofe@nrthdﬁdup barsisting of hydrpgen, I.llaeriphdwhmoedp@r aalkyle)h%phmo and

gen ange; [a-2] = 2 eq. low tenperature
h‘ﬁT(g ﬁyﬁ?@}dpﬁ PR85e; [a-3] = 1 to 2 eq. high
t enper at ure hal ogen- net al exchange [ b] = borane
oxidation [c] = alkylation; | met al -i odi ne
eI&z;:Hag@gle-lpet]al exchgiges g@qmth ﬁhqng}stapf my]:ntmn]m@)qbe carried out with
r{ge rei%l{rg# Xrgpk}r?c egﬁ(ﬁ);}aggk gg(g n 6 grggata)[%f:%)éfnrf)%&gf %t[c? tem]perature below
rreﬁoab(&ldw{empéfat@ﬁé@r@ﬂid@fhamm@e”Wa serhtlirddf atlast 0 °C

. metal -aryl phosphi ne exchange. The synthetic
a(obugb sempasttuschremineomstah exchange’h
2,2',6,6'-tetrabrono-1,r-bi phenyl (111), wherein one
bromne atomof 111 is repl aced by an al koxy or

Olgikab bidﬁﬂ&ﬁphgﬂplﬂm: llgﬁﬁﬂpmphdnhg a banyl lskeletoh avhieldislp¢rmanently

condensat |é)n of i br ono- obenzene (I1)
twisted around the central carbon—carbon ond ave two atropisomers. Asymmetric

hydrogenation with transition metal complexes are preferably performed with one of the
atropisomeres and optionally further chiral auxiliaries. Therefore, it should be appreciated
that any reference to ligands of formula

1

N\
0

®),P PR,

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

®)P PRY, ®),p PR),
1”’-S, and I-R

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

rotation.
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according to Rajca A et al, J. Am Chem Soc. 1996,
118, 7272-7279. In a preferred enbodi nent, the first

whadoege12net al exchange of the conpound of forpail/AP1003/006063

is carried out wth one equival ent of n-butyllithium

at a tenperature below - 40 0C Z"l eq. |ow tenperature

hal ogen- net al exchange") in a polar solvent to afford
almeetralebiaddatihg closweomdntomed ifidehdme | ab@vegcmumrish»g@rhﬁ@voided by

e G e RreS: HcreBion e tsheg odio st Brotes g fisreparation of

bdbn[;%%ﬁ&é @F‘fo%ﬁlﬁl%r@&ép@é@é’d Fosapesead. i n the presence of
an al kali and/or earth al kali hydroxide, and the

al kylation is carrled out with an al kylating agent in

o afisio P Rparion PF BB TR g oo S tEBFy RO BP Rt D

adduct, triisopropyl borate trimet hyl bor ate.
Partrcrg;lrggly preferred the bqgpagse or organoborate is
used imn et\ereal solution. 1A angther preferred
enpod e {defldxy cg el eqh@fl fromthe

g, peraeetic acid,
4 hyddbper oxi de. 1In

yet a othr preferred enbodi 7 the al kali and/or
eart hBi|®&al i hydroxide in th@r:ééatlon with the peroxy
corrpoun is selected fromtheIMr oup consi sting of

Li OHR\NaOH, KOH, Ca(OH)2 aw'd My(OH)2. In a further
prefer e% enbodi nent, the b eBof the al kyl ation
reaction an al kali and/op~eanth al kal i hydr oxi de,

oy
: ' @gpef.f_i S A A hali de, a

C5- 104 cycloal kyl hali ' .

Preferlablly the C -6-al kyI hdl i dRs a C1-6-al kyl

broni deVor d -6-al kyl iodideVParticularly preferred

the al kyl ating agent is iodgnethane or dinethyl
[a-2] [a-1]
[£-3 or f-4] [f-1 or £-2] 1
O O Q {7
[e]

® ),P P(R )y ®’ )ZP PR’ ),

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 to 2 eq. high temperature halogen-metal exchange;
[b] =borane oxidation

[c] = alkylation;

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

[e] =hydrogen quenching;

[f-1] =1 eq. metal-alkyl- or cycloalkylphosphine exchange;



sulfate. In a particularly preferred enbodi nent, the
nmet al -i odi ne exchange of the second reaction sequence

WO g006/@0272€d out with at | east one nol of el enePCHER2005/006063
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i odi ne per equivalent of netal to be exchanged.
Preferably the hal ogen-netal ex%hange of the second
reacti on sequence is carried out with one equival ent
df-2] =dutqy hetdlairyiphasphiac erchpoget ure bel ow -40 0OC in a
sol ve e foll di ne exchange is

ﬁ?rbﬂ:@oeqome?ﬂthaﬁwa% 8188]\[%&%85 iR o ﬁ%rfggirent ary iodine

F[?Jz'r; Uy tleBiMlarRphdBhidk ckéhalBe.€xCchanged. Particularly
preferred the second reaction sequence is carried out

at a tenperature below -70 Cin tetrahydrofuran. In a

eferpe rocess, erei,n, a further reactj on sequence
PR Rt ds PGS v iRts BB PP ! (D,
abRN8in on8 BRIthik Bfhnflof BINsrEITRQII My Hneal Xy RRcloBkaky group.
exchange of one iodine atomof the aryl noiety
dompiumiddy cande lohtaingd byaoodensatien efiubddihremp-2-iodobenzene (II)

oA R R, el e DB I TR <

sel ected fromthe group consisting of aryl,
C5-10-cycl oal kyl and Cl1-6-al kyl, wherein each aryl
roiagirgfefred embpdinent, yhestinsthaloganametal exrhange of theenmepound of formula

St | I . .St o
Sl S LR TG B PIR B o°C
Ei_(:fl‘\ﬂ g@.i l?ﬁilcﬁpéi’gfuydé milb%nm-x}gﬁm?@&ha@gw) ﬂ%ﬂibd b 1681sobreat ioye}ff(ord a metallated
21- 6-al koxy, di-C 1-6-a am no_and Cs-i o- I
grx@uaecilﬁte%h%fsﬂlpww mytabh%/digxg Eresbenge e eer'r\%ﬁ oht Qszgeaﬁgng the
e
tcompouad itr the ipadsererofme tatidaliewdvaegreh alkali bydrexigecankd the alkylation is

net al - phosphi n xchange,. to afford onmpound of
feaPied ke fhen Pl g peat inthe Bisseiee Phal®hove, and

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 fer¢-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),.
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R2 and R3 are independently selected fromthe group
consisting of aryl, Cs-io-cycloalkyl and C -6-al kyl,

wob@sedar2each aryl noiety is optionally substiPCt/@p2005/006063

with one or nore substituents selected fromthe group

consi sting of hal ogen atons, nifro, anino, Cr-al kyl,

Cl- 6-al koxy and di - Cl-6-al kyl am no groups, and each

Ch anethéiqyreferred -ealblodinyent the-alkiyl @i deghtainian(d ¢eabldyl halide, a Cs.jp-cyclo-
-10-cycl oal kyl . group_in. d R3 | anal.| ei .

il BatidicucPnetn BHE Prebirmiif Spwalial B i 6 it bromide or

(¢ [Epdll?)rl RSiBE. BRI ATy REreld BR 4 b e isliGddmutRan¥lok dimethyl

is replaced with hydrogen by high tenperature

salfatgen- net al exchange and subsequent reaction with a

proton donor, to afford Iigands of fornula wherein R1,

R2 and R3 are as defined in conpound VII above. In a

Rh %@%Mc%ﬁarﬁi’ﬁi@féh@@ RinbbdinRRE thiPmefakiddie SRABhge!of thd¥eSond reaction

case, the hal ogen-netal and the metal - phosphi ne

erqUtang B etpdent adthed tdastoans el of stenientary iedinegpereguivakgnt of metal

%qgi val.ents, of the respective agents. This avoids

ite 8P SXSHBRESE the conpunds of formula VI and is

depicted in Schene 2 with the shortcut fromfornula V

to formula VII. In a further ﬁ%rgefe”ed enbodi nment . .
Sacfierabbynthe dalosermata enehangeat thesegond redrting sequenesis cprigd out with
out wW.th an or Il 0 CRn3§ ;

i PR o DRPRRA ) o BB BB EA00C i polagsofyent. The
6l @ indenéhl-lotdingies thanpé BLdaytiodedn et £ 1kt enetrRclpdlelimuneary iodine
bel ow -40 C, preferably in the ,rar;%e of -60.to -9

. Q .

@er puvEeriadmed te hp skitragrd: Barisulapy Prefeped the gpeond reaction

DR U AP 0 By,

renoval of the last remaining bromne atomfrom

conpounds . of fornula. VI], as depicted in,Sche o .

1B Gureleged Pracetse i CIpins R TR TGIICE i T out starting with the
o e . o

AR UE S B0 0 Bl TR e o

one iodine atom of the aryl moiety containing two halogen atoms and subsequent metal-

w )

phosphine exchange, to afford a compound of formula

1

R\
O Br
Q O "’
3
I PR,

wherein R! is as defined above, and

R3 is selected from the group consisting of aryl, Cs.jo-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, Cy.¢-alkyl, Ci.¢-alkoxy and di-C,.¢-alkyl-
amino groups, and each C,¢-alkyl, C;.¢-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 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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exchange is carried out wwth an organonetallic
conpound such as n-butyllithium isopropyl magnesi um

w@hdoewdxieo or |ithiumtributyl magnesate, at a PCT/EP2005/006063

tenperature of at least 0 C, preferably in the range
of 0 to +40 C. The amount of tH& organonetal lic
conpound ( 1 to 2 equival ents) depends on the
substituents attacheglto the biaryl npiety. In nost
cases one equi val ent o¥ tBe organonetal I i c conpound is
sufficient to replace M al ogen atomw th the netal
In a preferred enboggin rem\hi gh tenperature vy

hal ogen- et al exchange\i_s ed out in a solution
cont ai ni ng tol uene\and/or ¥ ahydrofuran. In a
preferred enmbodi ment t 2T - phosphi ne exchange is
carried out using ggl .opﬁdsmplne of the formula VIII,
wherein X is chlorine” brom ne or iodine and both
substltuents R are equal and are R2 or R3, wherein R2
avitbréts Rimed RS ad%ésdﬁmeébmﬂ@, arependi ng on the intended

bailtg: g Sdﬁp%@ saeé(?c%?jlgﬁgrg:%%e%@{lﬂé&gﬁagt%gw aryl, és 10-cycloalkyl

%HQQ 'GQ'IBS}IPWE&EM A6 aryD BloRdly rs(@tlonall substituted with one or more
5- 1o-cycl oal ky I%@hos phi nes and hal o

-SBbSSItlkﬁ}llt% selesieds méhegteanhor@rsymg ﬁéh@pgerbmtomemtro amino, Cy.¢-alkyl,

S B R G Pab P B B el R Mk o BEC, iy

%ﬂﬁd) sid Ggloocfycfb&ll@g grouptinRe andiR? bptioreily rbemg@ilbﬁttaie& with one or
C -6-al koxy and di-C 1-6-al kylam no groups. Optionally
aBis helpgen alop | C1- 6- al koxy, di- G -6-al kyl ami no and

Ghd ¢ &X‘@frﬁfx’é Jlﬁgﬂrrgg% Qo S thd @(ﬁnwn‘ammlg 1Pis rf;lﬁﬁ‘ced with

N

fornu stituted w one or nore ogen
diydragen by haaglmea{peram«d heln‘gmﬂmmh txdhaeghaldpbesphntreadtion with a
the farmul a cte fromthe group consi sting
dFOtHBIdB’a‘PraP%/‘f#Bq{SQ,

hal odi - ( C5- 10- cycloaHg I)phosphlnes nore preferably
i s chl orodi cycl ohexyl %psphlne

Oy, :

®),P PR,

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

In a preferred 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 shortcut from formula V to formula VII.

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

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



br onodi cycl ohexyl phosphi ne, chl or odi phenyl phosphi ne or
br onodi phenyl phosphine. In a preferred enbodi nent the

whyasoesew donor is selected fromthe group conBCEEP2995/006063
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of Cl-3-alcohols, water, non-oxidizing inorganic

proton acids, and Cl1- 3- al kanoi dlaci ds. Preferably the

non- oxi di zing inorganic proton acid is HO.

Anefreefatrbd embbdinreabeichdow wérperatos Injogeoguetabencbange is carried out in

(hydr ogen guenchj | S .carried oyt at t t
B AN
of formula wherein RL is Cl-6-al kyl or

C3-1o-cycl oal kyl optionally substituted with one or
rfirearemala g thealastmemaiig RRmanaated frone comgewsls@é fermpla VIL, as

selected fromthe grou onsi stin f,.

ki) sebiir g el B nER i rtonheBisRhY e tpggen meta
N&XcRingel 1 tRR bR k¥queHES id 4 Eie‘féi‘réﬂi dnfbodfe! thehaRgen-metal
substituents selected fromthe group consistin o?

hexichapen iscaoried oufi witloan ergamemetailic gprppundsuch-agp ligham,

di - Cl-6-al kyl am_.no .gro a ch Cl-6-al kyl
drenspegr R AP ARG B By Ry leigott, Rl fmpsrope of at last
anel, Referblyoindhé yanebNQ tS-44pE 0.1 THekhkint Bf BB @r@inofilfallic compound
hal ogen at oms. Furthernore Qrovided are conpounds  of

f@rtord leguiraleaiskeperds pw thepubstifpqafy attgehedstothe bigeyl gagigty) In most cases
(i : -

Ao AR el 888 blsbatd afbindls TGl Qe HeHogen atom

Ghitlthlntethl. or C3-i 0-cycl oal kyl optionally substituted

FlncrreiE=g R R Iy OOy halegenytices) e iy s carried outin

%ﬁtﬁh’c@ﬁé&xﬁﬁ{é 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~ "R

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

R®, wherein R? and R3 are as defined above.

Depending on the intended substituents, said halophosphine of the formula VIII is selected
from the group consisting of halodiarylphosphines, halodi-(Cs.jo-cycloalkyl)phosphines
and halodi-(C.¢-alkyl)phosphines.

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

substituted with one or more halogen atoms. In a preferred embodiment the halophosphine
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wherein each aryl noiety is optionally substituted
Wi th one or nore substituents selected fromthe group

weomsiosr’eng of hal ogen atons, nitro, am no, ClPGFEPIY$/006063

Cl- 6- al koxy and di -G -6-al kyl ami no groups, and each
Cl-6-al kyl , -6-al koxy, di-G -6-2l kyl ani no and

C5- 1o-cycl oal kyl group in R3 optionally being

safittiss formatikadv il is kelected fronmthe grch@l c@gsistim (Qﬁ’i’falodiarylphosphines and

Fu th nDre pr ded re co f. f [ .
REldE TG orse oy hssafiess TRpE PERp is oot el eiytpRosphine,
%ﬁn@&c@&%ﬁ@h@%@%ﬁ%&ﬂ?ﬂe gr%mp e%}tﬁ‘&ﬁodlphenyflphosphlne

ependent |y “se éd from consisting o
aryl, C5-10-cycl oal kyl and Cl1-6-al kyl, wherein each

HitoetRleh fub Sum At e S intrTectset i g Stgp CBrsiting of

l'@ll &hol! WZﬁ:r 1¥nld:Qdiz AP iRGganib pﬁitb'ﬁ/ hcldscln@ C"?_:;Jﬁﬁéé)im@rd@llds.
Cl 6- al kyl @am no groups, and each -6-al k

Cl?reﬁradvﬂ)kthxygonmlcﬁzmgnwrggmemom @tctils(ﬂillo- cycl oal kyl

group in R2 and R3 optionally being substituted with

one or nore hal ogen atons. Provided is the use of

Qg %@Feacft%%'tl@tﬂé‘lﬁlﬂﬁi n Bdndr{hdrogerpduenthia) is carried out at a
C3-10- Cyd QGal | Oyl opti onal Igré bei nghg%bgt ut ed %\zth
dﬂmp@ﬁmn@mhhmgeﬁ—é(iwoﬁ and R3 are independently
selected fromthe group consisting of aryl,

C5-10-cycl oal kyl and Ci-6-al kyl, wherein each aryl

MabeEkyd i coplpbemRldfforsmilst i tuted with one or nore
substituents selected fromthe group consisting of

hal ogen atons, nitro,gplam no, Cl-6-al kyl, G -6-al koxy

and di -C 1-6-al kyl am n}x groups, and each C-al kyl ,

Cl-6-al koxy, di-GCi- 6-aPkyl ami no and C5_10-cycl oal kyl

group in R2 and R3 ogptyonally being substituted with

one or nore hal ogey \ t he preparation o{

catal ytic active ansition netals, ™

preferably of

®),P PR,

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

halogen atoms, and

R? and R? are independently selected from the group consisting of aryl, Cs.jp-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-C,.¢-alkylamino groups, and each C;.¢-alkyl, C.¢-alkoxy, di-C,¢-alkyl-
amino and Cs._jo-cycloalkyl group in R? and R? optionally being substituted with one or

more halogen atoms.

Furthermore provided are compounds of formula
1

R\
O Br

(<) v
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ruthenium rhodiumor iridium Said catalytic active
conpl exes of transition netals can be used for

whyasoeseat i ng, preferably asymetrically PCT/EP2005/006063

hydr ogenati ng, of a conmpound containing at |east one
unsaturated prochiral system BBeferably the products
obt ai ned by said asymetrically hydrogenating are
evtendin Rrey Coablkyl @6 -cocipalipieptiofatiesubsti@tcdrmpitesnd @rmore
ggneral appl i cabl e nethods for the preparations of
logey ao@isand catal yst sol utions are disclosed in
Ashworth, T. V. et al. S. Afr. J. Chem 1987, 40,
183-188, WD 00/29370 and Mashima, K J. Og. Chem
Podvidedb&re catpduiBly of forhmula pref erred enbodi nent the
hydr ogen pressure during above nentioned hydrogenati ng
is in the range of 1xtto 60 bar, particularly preferred
in the range of 2 toR§5 bar. In a further preferred
enbodi nent hydrogenatifg Bs carried out at a
tenperature in the range of\Oto 150 C. In a preferred
enbodi nent, the coyp al ning at | east on
unsat urated prochi e sel ected fron1tﬁ£
group consisting o i cont ai ning a prochiral
carbonyl group, a prochir ﬁlkene group or a
prochiral imne group.in :% ¥ticular preferred

TR G 5P e P o YA P s AR T gpegpguore

iBloxeh an@d fromthe group consisting of a- and
b- ket.oesters, a- and b-ket oam nes, a-

Bl & dnsdestied Bomdke gionp consigingof AvAt ¢mgggclaélwla%@dll-s-alkyh
SRS URED A AR B AT o NSt steted
S S miend e b rgstainansa st niall el
(BRI dRECEF YRS %irﬁaaécwmﬂﬁvf Gl 5&-%6-'(1 @W}O and
SO S ARy b5 LA L oROL o ogen st

al cohol or a mxture thereof. Particularly preferred,

t he sol ution contai n further additives.
Furthermore provi(rlTé%y are compounds of %ormula

1

N\

O Br

®),P PR,

wherein R! is Cy-alkyl or Cs.j9-cycloalkyl optionally substituted with one or more
halogen atoms, and

R? and R are independently selected from the group consisting of aryl, Cs.jp-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;.¢-alkylamino groups, and each C,¢-alkyl, Cy¢-alkoxy, di-C,.¢-alkyl-
amino and Cs_jo-cycloalkyl group in R? and R? optionally being substituted with one or

more halogen atoms.
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The present invention is illustrated by the foll ow ng
non-limting exanpl es. Exanples: Exanple 1:

wo 2®6Ddeon0- 2- i odobenzene (I11) Diisopropyl am PET/ER20081006063

L, 0.10 kg, 1.0 nol) and 1, 3-di bronmobenzene (0.12 L,
0.24 kg, 1.0 nol) were consecut vely added to a
solution of n-butyllithium (1.0 nol) in
tPed vidédyid thod wseanf cORpOudds odiflotnhdxanes (0.64 L) at -75 C
After 2 h at -75 0C, g solution of iodine (0.26 kg,
1.0 nol) in tetrahyd uran (0.5 L) was added. The
sol vents were evapor at and the residue dissolved in
di ethyl ether (1.0 L). /After washing with a 10%

yi um sul fate befoye

aqueous sol ution of, -(lun1 qsul fate (2x0. 1 L), the
organi c | ayer was Ny OVE
bei ng evaporated t\ Y gpon crystallization from

ethanol (1.0 L), coror\|ess ptratel ets were obtai ned;
mp. 99 to 100 C Q gngg ﬁ;@@; 1H NVR (CHCA 3, 400
MZ): d = 7.55 (d, O BF1 fa 7.07 (t, J = 8.1

ik ﬁezm % bsn(g{;G %%?312%7&%&%630%}1( %}gﬁg%l@ lge-;qné g@bs&:tu%egd v%%h o'rfle or more
zw% e@anisjet rabrono-1, 1" -bi phenyl (III) At -75 C

byt y II|th|un1(14 nmol |n hexanes (5.6 nL) was added
tPo aadéb|am indepestientlyzsedfctaddraim she gravmeonsistiag ofaryl,s. lq-gycloalkyl

VB el S it i Pis oL Pyl Mith bt ore
gubs?iZudi\ilmielecWSﬁc&d dﬁﬁgro@p‘lcbﬂsh;eng efhilogen atonk,uiteo, vm&no Ci¢-alkyl,
allowed to attain_ 25 over a 12 h peri og(ybCol d. wa

weas™ aélemwnfl@lﬁe-aﬂ%%me rgr‘?ﬁpﬁt qndeeaalh G16R rq;gjfﬁllgcxy, di-Cy.¢-alkyl-
SRHED a9 PSR i RSO oRIARN, BB SIBARGLE itk one o

: Irmteﬂlalogermtodrs; ed over SOdI um suI f at ebef ore bei ng

evaporated.. 2, -tet
Jrdbe arqpafaé@naﬁsﬁawgaftﬁé@ 25 o fraas iSO, preferably of
th;ﬁ am% far r g & of Rididf. $aid THGIyRE QB conth Bl Of BRIt metals can be

action;
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. Afr. 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 to 60 bar, particularly preferred in the range of 2 to 35 bar.
In a further preferred embodiment hydrogenating is carried out at a temperature in the

range of 0 to 150 °C.

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

carbonyl group, a prochiral alkene group or a prochiral imine group.
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mp. 214 - 215 C 9.0 g (33%; 1H NVR (CDO 3, 400
Miz): d =7.67 (d, J =83 H, 4H, 7.17 (t, J = 8.0

woH2006204H2 Exanple 3 : PCT/EP2005/006063

2,6,6"-Tribrono-2'-methoxy-1,1'-biphenyl (IVa; Rl =
Me) n-Butyllithium (0.10 nol) In hexanes (63 nL) was
added at -75 Cto a solution of

tn #parficllar préforBlegiFddimént hhe bemydunddcontinifg dleasbhe tmsaturated
tetrahydro uran (0.50 L). The m xture was

provkisdisarboayly alkeaaorining sleuplivitslesidEemihs sopa fensisting of o- and
t h 9
B RSB T o PO gy, s

@ﬁdﬂﬁﬁéﬁSoﬂN-@ﬁmﬂﬁecﬂ)ﬁﬁmm dﬁarbﬁﬁtlﬂketoﬁesﬁmd alc&hjzﬂ)esnnl ).

The reaction m xture was neutralized at 25 vvitt11 2.Q
Rrafrablydhe ydreganation reactiensiare %eé Qut-with a gatajystsolution in a polar
di.et :
e
séttbditrite (Me@N),letherslon md(tm*ee thesed] Riefesatily ttegpodardolvent contains

ted. Th Iy
SusoRt, G 3 gsoDyomyAFISPEOL 15 ARt oY IprfifulSty s ofted, the
901@50&9151 c&%npfﬁhﬂasad]umdaydrow de powder (6.7 g, 0.12

Were consecutively added. After 1 h, water (0.50
L) was added and the product was extract ed W th

i expsersanvecta iriuaieed by a0 B SRR PR iEng o nffes

Crystallization formethanol (0.10 L) afforded 35 g
(82% product as colorless cubes; mp. 184 to 185 C
Fhiabdgies¢ CDCl 3, 400 MHz): d = 7.64 (d, J = 8.3 Hz, 2

Bt Pl % %

M%Q%I%Bﬂanm! ('Obl|4ﬂ’£ Qﬁld ﬁ@ 10 #61)0ad 1t3 albil(ﬁnolfeﬁmlﬁ: (@12 L, 0.24 kg,

2-Bnofyyveze ccmsawtwabf aesfded@f neplytion of n-putyHihiym (Lmolkin tetrahydro-
ﬁl‘)aggZ E:llj) )c/n}éilt hiug 0( P 7)5 o é@t%f‘?'ﬂ%% —43-8¢ o1 of iodine

a sof ution
(0.26 kg, 1.0 mol) in tetrahydrofuran (0.5 L) was added. The solvents were evaporated and

the residue dissolved in diethyl ether (1.0 L). After washing with a 10% aqueous solution
of sodium thiosulfate (2x0.1 L), the organic layer was dried over sodium sulfate before
being evaporated to dryness. Upon crystallization from ethanol (1.0 L), colorless platelets
were obtained;

m.p. 99 to 100 °C; 0.33 kg (91%);

'H-NMR (CHCl;, 400 MHz): § = 7.55 (d, J= 8.1 Hz, 2 H), 7.07 (t, J = 8.1 Hz, 2 H);
C¢H3BrI (361.80): calculated (%) C 19.92, H 0.84; found C 19.97, H 0.80.

Example 2: 2,2°,6,6’-Tetrabromo-1,1’-biphenyl (I1I)

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 solution
was stirred for 2 h at—75 °C, copper(I)chloride (9.7 g, 72 mmol) was added, and the
reaction mixture was allowed to attain 25 °C over a 12 h period. Cold water was added to
the reaction mixture and the organic layer was separated. The aqueous phase was extracted

with ethyl acetate (2x0.10 L). The combined organic layers were dried over sodium sulfate
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2,6,6"-tribrono-2'-nmethoxy-1,r-biphenyl (6.3 g, 15
mol ) in tetrahydrofuran (75 nL). 45 Mn later, a

w@doendee of iodine (7.7 g, 30 mmol) in tetrahpdr/BP290E006063

(20 nL) was added. At 25 C, a 10% aqueous sol ution of

sodi um t hi osul f at e was added (ﬂéo m.) followed by

extraction with ethyl acetate (3x50 nL). The organic

|tef@e being eda;ioeatednﬂel’,@@elﬁetmbmuiof— hi ebipbémyul prdoi;p'iha@s upon treatment of
on.forma 9

ey anﬁ F‘Z‘t edgh\})exg%%gz ﬁé@d 16 eﬁ ﬁ'@eéqrg{héc Sgﬁﬂﬁﬁ,}o‘%pff% @é@er reaction;

M_Eoﬁicﬁsﬁs”‘@@(? 336%}9 g (78% 1H NVR (CHO 3, 300
) %& =7.9 1.1 Hz, 1 H, 7.67 (dd, J

JHBENBIR (JCDC},—LZA}OI) MHZ): 75 57.60dd, J 3 83 Fz94 HY,. 01 Hy, J 2 81 Hz, 2 H).
7.13 (t, J = 8.1 Hz, 1H) 6.99 (d, J =8.3 Hz, 1 H),
6.93 (t, J =7.9 Hz, 1 H, 3.78 (s, 3H). ExarrpIeS

) } I
R s "1”'@}"“’?&?% B ke RV, R EMQY”
-n7Bu@11(ljthl-élhltJ¢0ﬂ(] mbBiinhexah6s (@3ahl.) was fddedaes7’Y G & ankolution of
ed to a_s
B odristorgndy AShphem &l By Q mol).ig;tefrabiotyran £0.60 L).gThe mixture
'Wé%l c)onéé%uﬁlbé?% Béhted Wﬁrﬂt{oﬁ&lﬂi‘eﬁhox%(ﬁrﬁﬁe &1@(%y?&ﬂéﬁdd@ﬂct"@§ mL, 16 g,

| 'et ed e mxture was treated wt
dhl (bmol); z§ O hgnsdus solupihi nésqdiua hnrtlroxzie:ﬁ@ mlz)(andﬁﬁfV) aqueous

n1xture al.l d 25 d. ted o
et aptesi AT Btk S5 ool T mafficiiniig ef acpltithed at 25 °c
Rith 2.6 hilisehlofic Weid (010M)Ghe @xithdiet withletidg efh@t 6x0.10 L). The
(3x20 nmL), and the conbi ned organic |ayers were dried

cmmbnseddirg#m@hwratveere waghed wighhe taYeragueais selution ef sodium sulfite
38'1}5%? d o%e{ Sox 11{#1%%u .aﬁ&l? aza%trzﬁgd g‘%ﬁ%ﬁﬁr |r£§1 tvléé)sncgps%lved in

chr omat ogr aphi e Xaner acet at

ﬁlmbthyps@f@kﬁier(o 401) Qaefo?a %doﬁfeﬂtahe ('Dbjnﬁgtlﬂ\ge oqarm@m lﬁﬂ potass1um
asayellovmshml 1H NVMR (CDC 3, 400 MHz)
(hydroxide povglerf6.7 g, q).|)12 mpl Ewere, cogsqq)ltlve}y gd;deflt Aﬂgr 1-h,7we;ter (0.50L)

%ﬁs a%idgﬁ andéh%% c{(ﬁs.\ct \%aﬁ_ﬁx’qra%t. E%%lﬁ]lldlg%y‘_ﬁl’l 3!<5i 0 ‘L) ‘Bl-ge}_iffgamc layers
were dried over sodium sulfate and evaporated. Crystallizatlon form ethanol (0.10 L)
afforded 35 g (82%) product as colorless cubes;

m.p. 184 to 185 °C;

'H-NMR (CDCl;, 400 MHz): 8 = 7.64 (d, J= 8.3 Hz, 2 H), 7.3 (m, 2 H), 7.11 (t, /=

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

C,3HgBr3 (420.92): calculated (%) 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 solution 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 9 : 1 mixture (v/v) hexanes /
ethyl acetate (30 mL) afforded colorless needles; 6.0 g (78%).

'H-NMR (CHCl;, 300 MHz): § = 7.90 (dd, J= 7.9, 1.1 Hz, 1 H), 7.67 (dd, J= 8.0, 1.1 Hz,
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3 1IP-NWMR (CDO 3, 162 MHz): d = -2.1 (s). Exanple 6:
2- Br ono- 6- (di cycl ohexyl phosphi no) -2' -i odo- 6" - met hoxy- |

WQ kooshoogkenyl (Via; RL = Me and R3 = cycl ohexyPQT/Er2085/006063

sol ution of butyl magnesiumchloride (5.0 nmol) in

tetrahydrofuran (13 nL) was addéd n-butyllithium (10

mol ) in hexanes (6.3 nL) at 0 C and the m xture was

SltH)“ I7€5<7 (ﬁzldJJ=10 90019 Hz) 151), gt1i3ap, Jof 8.1 Hz, 1 H), 6.99 (d, /= 8.3 Hz, 1 H),

- - 6-di i odo-6' - et hoxy- 1,1 '-blphenyl (5.2 g,

WWT t%%aétlflhﬁﬂér(éfm)an (20 nl) was added at -75

C. After stirring for 1 h at -75 C

chl or odi cycl ohexyl phosphine (3.3 nL, 3.5 g, 15 nmol)

VIExangysiel §62-Biohr-6-§dicy dlonex ylph 2 phitio)-27-idtloho’-mbhony-d, Liskiphenyl

was treated with a saturat ed aqueous sol ution of
uﬁMﬁP’é‘?Bde“'(yﬂ?hﬁﬁ The mi xture was extracted

w4t | hzs&@% i gjaﬁ ﬂ%l)&ﬂx)hexér{h‘é (. b%@%l A6 & P&Mitfon of

I"ayers \7ver ver sadi um sul fate. ‘After
QQBﬂ;ﬂmi Qaﬁ-lduodcﬁﬁ’-tdeﬂwxgﬂ vE Fhlphetﬂyé (5.2gj Husmaedsin diethyl ether (50 mL).

t i f |
s SUISEHIE mmiani e ArSiruERr e | ) o
f b('ﬁc%i}l fp‘ﬁas@hnﬁaf (ZtﬂﬁLo@B%th\‘rﬁn§l§’ MPRRURE HRS was allowed to reach

IH"NWR = 7.5 d, J
ﬂS?"(DaﬁdztrealcdlﬂMth 7 sduiated aguedus splutipn (of ; ammomum ¢h1pé1de (20 mL). The

:}guxt\gre g/%s %%trac%edqyl ‘itth %Cﬁ‘l’ilat% ﬁ%@ mglci)) %nc{ %e Cgﬁl%gb%d Hggan%‘c layers were

Jd%feHWﬂ( §odidns sulddhe AkE konébntratidn 4f ﬁhS Yolventaip ka&idtie was subJ ected to
- Br ono- 6- (di cycl ohexyl phosphl no) - (di phen | phosphi

q:)mﬁcatm brosili¢a gdl chigntegighie (Jmanq:qchﬂ agetateRd: 1:viyh échgﬁptam 42¢g
h |1t hi 0
m( &Fﬂwh acﬁ‘é‘gé%%a%ﬁﬁta)s Z&agoggg%gt %/o Iat sloluumt |( gn of

21BNl mmtz?w4= piessEy 2#q)9 Bz, 1H§l07-33(mméHb1,07>(y7 t,J=

r-blphenl ( 10 mol ) in dleth et her é ))
.7 Bz, L)AL %JﬁrSoHthleHyl %ﬁbm—n@ , §H33.62 (9341, 1.6 (m,

%@@‘fq,&) V\B@ dded. The m xture was aIIovved to reach
o g’é’t rated aqueous sol ution of
3IP.NMR (CDCls, 162 MHz): § =-2.1 (s).

Example 6: 2-Bromo-6-(dicyclohexylphosphino)-2’-iodo-6’-methoxy-1,1’-biphenyl
(VIa; R'=Meand 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 h at -75 °C
chlorodicyclohexylphosphine (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 chioride
(20 mL). The mixture was extracted with ethyl acetate (320 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.



10

15

20

25

30

amoni um chl oride (20 nL) was added and the organic
| ayer was separated. The agqueous phase was extracted

wowah/oex7ky| acetate (3c20 nmL) and the conbi nedPCF/ER2I®006063

| ayers were dried over sodium sul fate before being
evaporated. The residue was suBfected to purification
by silica gel chronmatographie (cycl ohexane as el uent)

tg mbmemnéh 14@) M@ﬁ 5 -0f sBite, obj7ecHy, wth; grw@m,rmns g (t J=

yel | owi sh oil. (CDO'3, 400 MHz é

HWHZHZH),ﬂ%(tJ? §91 ](1@15),5820@1 #i= 8.3 Hey 1 Hy, 362 (sd H)Jl6(m
72(m12 6.82 (d, J = 7.4

A%%{)ﬂﬁ)z( éﬁé? 6 (m H)12 H) | 1(0 (m 10 H).

E’%ﬂm}lﬁ (@DCls, 162 MHz) 5 = —2 %
-(Di cyc ohexyl phosphi no) - 2- (di phenyl phosphi no) - 6- net

hoxy [,1"- biphenyl (Id; RL = M, R2 = phenyl and R3 =

Meéyg)@%hg%-&g@ gﬁ%é' IB)sghglg}-%?—'(tgiﬁmép}ldz)hti)s%hino)ﬁ’-methoxy-

[ 1 h =
% P 19 heI§1Sy I((v'r[]?sggihﬁ?gpé-kp %n.g?x{)@dﬁ CyCIOheXpyrl1)enyl (2.5

gﬁt —QSQGmdiu)ylhﬂmum I(memomn@lem)es (6\3 meIp) wastpdded @ plution of

TESREk it Phon 0RO k) BB R L Sh® [ o mmen)
R dicehsll bifel €Xb LY. M ab Inqmﬁﬁmﬂpﬁer(ymgpmﬁe (1a£nﬁhu be g, 25 mmol)

conbi ned organic layers were dried over sodiumsulfate

pessadded dibgniaiappaaelianedtnaeaddodibe Avabiraten paeos selition of
p H ;&é@gﬁ;ﬁ&}ﬁg Hlt) %s %%edcg}{d)cmggf% hﬁqmﬁg 52 ﬁeparzzti% %he aqueous

qﬂlaéehea@é)dtﬁeted\vﬁtmnyl uetdte (&x3Gind) ind tei combinedrorgdniiylayers were

t at 1
ace %geer o) fa?:: L de%gggoflfvgi)ér\%% 2 "g{ulgfc’qsnﬁlge Taﬂf‘% qcteAd to

(}li[zﬁhﬁ%gtﬁﬁ;p by ﬁ]égzg%% ggroﬁﬁafogza?&%'?ogcl%h@ane s gﬁeﬁﬁ't% Jbtmnal 12g (63%) of

(thelobjedive condpouitd @5 a Felwhkh oil H) 3.64 (s, 3 H), 1 6

(lﬂ Tsﬂ%’%R E%DCia %o(ig}%%ﬂrﬁf 7. 4361(%F> 4=(4, ;(};D%) %’3,21(5%%'2 ) Hz, q H), 7.33
wdAePr g(ﬁ%z“ 136), 750,941 6820800 L7828 mfa %5583 1), 16 (m,

12 H), 1.0 (m, 10 H).

Example 8: 2°-(Dicyclohexylphosphino)-2-(diphenylphosphino)-6-methoxy-1,1’-
biphenyl (Id; R'=Me, R?= phenyl and R? = cyclohexyl)

At 0 °C, n-butyllithium (4.6 mmol) in hexanes (2.9 mL) was added to a solution of
2-bromo-6-(dicyclohexylphosphino)-2’-(diphenylphosphino)-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 aqueous 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;v:v) to obtain 0.94 g (43%) of the
objective compound. Crystallization from ethyl acetate (10 mL) afforded colorless prisms.
'H-NMR (CDCl3, 400 MHz): § = 7.50 (d, J= 7.8 Hz, 1 H), 7.2 (m, 12 H), 6.98 (t, J =

7.5 Hz, 1 H), 8.83 (d, J= 8.2 Hz, 1 H), 6.66 (ddd, J=17.7,3.2,0.9 Hz, 1 H), 6.57 (ddd, J =
7.5,3.7, 1.2 Hz, 1 H), 3.64 (s, 3 H), 1.6 (m, 12 H), 1.1 (m, 10 H);
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Exanpl e 9:
6- Brono- 2, 6' - bi s(di phenyl phosphi no) -2' - et hoxy-1,1" -bi

wW@b@ep2769/1 1 b; RL = Me and R2 = R3 = phenyl) ArCFEB20E5/006063

“-butyllithium (0.10 nol) in hexanes (57 nL) was added
to a solution of conmpound Va (28 g, 50 mmol) in
tetrahydrofuran (0.25 L). The reaction m xture was

Brrertverl (@DUN, a62MH£y+ 56448117 @n.fe=f13 1 Hz), 13 4 (d J 13 2 Hz);
chlorod| phenyl phosphi ne (

Kot ey A Caated §76) GHE 10 1 (5 o GITRGACH 165
reach 25 OC and treated wth a saturated aqueous
sol ution of amonium chloride (0.20 L). The reaction

B Xain{51€ 9YV6-B1dKid-2,6!-Bik(diphbnydphysphat@t PtmethdgP-1,10-biphenyl (VIIb;
and the conbin organic layers were dried over sodium
iﬁlﬁ#MeeanCERapcﬂaTPbﬁlﬁ} the sol vents and

o 357, AP b A haall g dfion o
Jeb'nﬁib‘ﬁhd V@@ZG §, 5m&ﬁ1dlﬁn)tetraﬂ1yéro'fur5fi (Q.981L).JTte r8adi)1,on iSture was
ftgeateql v&11t1'( :mZ Od\/IH))lutJQng@ c](d@mghphjm}élptlc:z{sphgleg)l 8 mig %@'ngl (101 mmol) in

g'?:tﬁ}hgfd%)fﬁ%h M% )&% MﬁWQd H)zreaélh k) §>C(‘ gncpt:']ree{téd with a

-saﬁlraﬁed-ﬁc)ueouéﬁﬂ@tlc(xdof ainmoﬂde:th‘)de (C29 I-Hzgﬂle(}éﬁction mixture was

5o it By “esieg o L0050 B cqrlpborentie e e gried over
E&@g f(cétep rgﬁlorf"mﬁé db10éhtt SndGHQARIzA oGRS ] d€btate (0.10 L)
, di cycl ohexyl phosphi no) -

&fﬁmddnlcnoiorlqsbhed:oilepshenyl (I b RL =M, R =R =

22% 54226 gﬁéd%{’ﬁ‘%ﬁﬁ DOl msp' 4S§0NtH(z)) 223 < 7.56 (m
S‘WNMﬁ (¢H ! 460 MiZ)3s B)7.56/dd67 £.0,4.7H7, BHKZ.38 (dt, J= 7.0, 1.6 Hz,
2 H), 7.3 (m, 12 H), 7.1 (m, 6 H), 6.99 (ddd, J=17.7, 2.9, 1.3 Hz, 1 H), 6.8 (m, 3 H), 6.63
(d, J=8.6 Hz, 1 H), 3.01 (s, 3 H);
3'p_NMR (CDCls, 162 MHz): 8 =-10.1 (d, J = 24.6 Hz), ~13.9 (d, /= 24.9 Hz);
C37H,6BrOP, (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(dicyclohexylphosphino)- 6-methoxy-1,1’-biphenyl (Ib; R! = Me,
R* =R = cyclohexyl)

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

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

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

3p.NMR (CDCl;, 162 MHz): § =-9.9 (d, /= 12.1 Hz), -11.5 (d, /= 12.2 Hz);
C37Hs540P; (576.79): calculated (%) C 77.05, H 9.44; found C 77.17, H 9.14.



10

15

20

25

30

1H, 7.08 (msym, 1 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); 3 1P-NWR

W@ 8D6i002329 162 MHz): d = -9.9 (d, J = 12.1 Hz), PET/LR2085/006063

(d, J = 12.2 Hz); C37H540P2 (576.79): calculated (%9 C
77.05, H9.44; found C 77.17, 20 9. 14. Exanple 11:
296- Bi s(di phenyl phosphi no) - 2- net hoxy- 1|, 1" - bi phenyl

hinldR2MhetherY-ar1’asphaiyl $F%5 R’ = Me and
izgﬁmp%7rrtzwgzlgigaicﬁgedecomggs|t?:-gn) 1H%’NF\/R (%DClyl%miZOO

R%IF)Rflpheﬂyl}B(m 18H) 7.15 (dt, J = 6.8, 2.6 Hz, 4
682(dd J7.6

Ok’ﬂﬁis Prisg‘ﬁ; m.p. 227 tf’ 228 lcid"z?oﬁ‘pér%lm’&) . 6.66 (dd, J
I\EéNMR d(c%éia 40d‘ﬂ/IHz§* &2 7(3S(m i‘flskﬂi)5 7351(5% MM% BQDQH& 4 1:15,27 06 (dt, J

Hz7)3 1czammnﬂmzs gzsem 59=)7 6 elaZqu Zaﬂé,cﬁ 1544, ¢=8$)2Hz:,, 1|H) 6 66 (dd, J =
47; 53, H 5.52. Exanple 12:

-7[3%9@1 ]oﬁgglr%ﬁi pig KJ' - di phenyl phosphanyW net hoxyl ,

bi Me, £yel Xy13.8 JP'31F.8H ;

pﬁeﬁww ON%??)Z)ES?l 8)30@%—{ N?\I/?qujggd Skgo VHz Zt)j

Esmssof'mssm%d)c,aloﬁla’z@i ©6),C 3042, 9. 4%lz foxdei; 803328 5. 3

H; 3 1P-NMR (CDd 3, 162 MHz): d =-11.3 (d, J = 10. 7

Hz) -14.0 (d, J = 10.8 Hz); C37H420P2 (564.69):

%l@i?% i)?@ycﬁh%%alf»ﬂosﬂﬁaﬁyﬁ@’-dﬁﬂ@ﬂﬂpﬁo3@1a'i?l—Zhhgthéﬁy-

(1;1)’-tﬁpmmacoﬂéprthphadyhem and R enphands phi no-
2- rret@htﬁ b’l'bl phenyl (lc; R1 Me, R2 = cycl ohexyl and
rsp=l7hHa y he raceni ¢ di phosphine Ic was separ at ed

LGME &%@@MO(PM%? dy 707 @RakaL), 898l  LARI0GE,APH), 3 23 (s, 3 H);

using a ral stationary phase The col um used wa

Chil-RMICECDC);, CB2 MHz)ms —t—ﬂé 3rtdbf +d Ophidgle—h8 (d-Fe éf)érléz),
' OB %0 iatoniatda () 8Ts HoCH"Psd; 2650 & 78BoCH .

Example 13: (-)- and (+)-6-Dicyclohexylphosphanyl-2'-diphenylphosphino-
2-methoxy-1,1'-biphenyl (Ic; 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 / EtOH (2000:1; v:v). From 360 mg racemic material

142 mg of (+)-6-dicyclohexylphosphanyl-Z’-diphenylphosphanyl-Z-methoxy—1 ,1’-biphenyl
and 123 mg of (—)-6-dicyclohexy1ph0sphany1-2’-diphenylphosphanyl—Z-methoxy-
1,1°-biphenyl were isolated. The enantiomeric purity of both compound was 100%

(measured by HPLC on an analytic CHIRALCEL® OD 10 pm column), the optical

rotation of the (—)-isomer is ap?* (¢=0.5in CH,Cl) =-1.4.

Example 14 to 16:
The chiral Ligands (-)- and (+)-Ib, (-)- and (+)-Ia and (-)- and (+)-1Id are prepared by

separation of the corresponding racemic diphosphines according to example 13.



142 ng of
(+)-6-di cycl ohexyl phosphanyl - 2' - di phenyl phosphanyl -
weehong2729 | ' - bi phenyl and 123 ng of PCT/EP2005/006063

(-)-6-dicycl ohexyl phosphanyl - 2' - di phenyl phosphanyl -

ethoxy- 1,1 ' -biphenyl were i23blated. The

enantioneric purity of both conpound was 100%

E&Eﬂm@ £l (b)L aiddlF)-on 6&1sﬁ6fdlmiéx§’lﬂﬂdkﬁﬁhﬁﬁ-ﬁfeihr@-llﬂ -pipheny! (Ib;
e optical rotation -)-isoner is aD

EA=(Me Rb—eRmcmwxx)) -1.4. Exanple 14 to 16: The

?JHIY %na&“lgn%%? %ngya\%'%s %{] g" 6;1?5 ¢ eg— -{Ssgn)ngrr anid odn d%; ff!’?'ﬁ‘g 'a-g)—isomer

éa{sﬁﬁe@m}ﬂb{mc loAGRHnalyHL mm@ms,@ epcIy ;sdmwm), the optical
anple Exanpl e 14

5 (othtich ofehB(-9)dbayed 1sh©§®(lcpﬁb§ phCH@CB) mdbHoxy- 1, 1" - bi phe
nyl (Ib; Rl = M, R2 = R3 = cyclohexyl) The
enantlonerlc purity was 99. 2@6for the (-)-isomer and

Ha ﬂé £5: Ayl (ZS@%d(%ﬁ{iﬁ] ififlp fi’ifwﬂ@{aﬁ%ﬂgx L-biphenyl (Ta;

IRit=aMe9R29fR3t=hphén3)l)| sorrer |s aD 24 (c =0.51in

4. Exanp
(Th}e Dptlcaé r@a@qru?ﬁh@ ﬁJy)rlﬁwagrp'ﬁ |°%b?o)(cz “Trgﬂlh GHE 760hi pheny
10 Il (la; R1L = M, = phenyl ) The optical rotation

of the (+)-|sorrer is a 20 ( =0.5in CHO 3) = 6.0.
Exanple 16:6(—)-(an)d- (+3+28-(Dicyclohexylphosphino)-2-(diphenylphosphino)-

il ST S
Th%¥)% g% ?‘?&ﬂlgn gﬂﬁé L Glﬂér i5 %?’t GC%ZO 9‘fm EXPIZ(I%%? 36= J%%@m(?r
)-Ethyl 3- hydroxybutyrate
15  Example 17: (S)-Ethyl 3-hydroxybutyrate
_In a 150 mL autoclave under argon atmosphere RuCl; (5.3 mg, 0.026 mmot), (+)-ligand Ia
(14.3 mg, 0.026 mmol) and ethyl acetoacetate (0.65 g, 5.0 mmol) is dissolved in degassed
ethanol (30 mL). After flushing 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
20  reaction solution is directly analyzed by GC for conversion (column: HP-101 25 m /

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

(column: Lipodex-E 25 m / 0.25 mm). Conversion is 99.7% at an ee 0f 99.0%.

Example 18: (R)-Ethyl 3-hydroxybutyrate

25  Ina 15 mL autoclave under argon atmosphere RuCl; (1.5 mg, 0.007 mmol), (-)-ligand Ib
(4.3 mg, 0.007 mmol) and ethyl acetoacetate (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 (column: HP-101 25 m /

30 0.2 mm) and, after derivatization with trifluoroacetic acid anhydride, enantiomeric excess

(column: Lipodex-E 25 m / 0.25 mm). Conversion is 98.3% at an ee 0f 86.7%.
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In a 150 nL autocl ave under argon atnosphere RuC 3
(5.3 ng, 0.026 mol ), (+)-ligand la (14.3 ng, 0.026

worebpoxaed et hyl acetoacetate (0.65 g, 5.0 mMmoPQT/EB2005/006063

di ssol ved i n degassed ethanol (30 nL). After flushing
the autoclave wi th argon hydr nation is carried out
during 6 h at 50C and at 4 bar hydrogen pressure.

E\f{&ﬁ?le(lm I(RyE.thyl 4-|aumd-ymdmtymueyﬁahe reaction

0

fm@fiﬁﬁ%&l qlqsp:’nciziyrfeétgn %qg%rnlgltrgosygf ﬁﬂ% 1ts‘q§)p[r%§y Yr%[at y enzene)dlchloro-
ru%hén‘t{ '@) Ot %12 4J) n%%ﬂ@?aegg‘b hs! '@OMYIQ%) &Rl ethyl 4-chloro-

enan exc ess 25 m/
Hl@(obtft??tw@@&ll%r(OlSQ @9 O7mat) mdlssxdvcﬁ inglegasmed @hamqjl(éo mL). After

ﬂﬁﬁé‘ﬂg gklﬁgi}%cl Vﬁﬂ\g%}?ég(@%/ w}gr %t@tioxgisdﬁmeg %Q&xﬁ%ﬁ §1 3¢ 80 °C and at
ﬂé}L @%&tﬂrps(sgﬂs éfﬂérycocﬁmgqg r(m)ﬁ? k&n;ﬂe?gm%ttﬁé( }eaction solution is directly

ace‘i I's dissolved in
d@ﬁ&éeﬂ' (G!C Ifétmmlnvérilom(%lumht HP- 1011 (2Shinrd §.2 then) and oe (clumn:

vvlth ar ydr.ogenation i.s carr dout g 15 h at
Ege 8’&@ 2 uﬁt:?f@@ﬁg“iﬂ’é?g e at 3 ¢ (%lgéo)gl ing to
roomtenperature the reaction solution is directly

anal yzed by GC for conversion (colum: HP-101 25 m/
Exampb) 2@&r(E)- Fanylet-clderd-mdzwb@WWft h trifluoroacetic

ggl ﬁ§€n@ydro% aﬂ"tl}"g&ggtrglﬁ)% Ersg );1) i sg{qro§ﬁp4 Arétﬁ}qg%'ege)dichloro-
%ﬁhgﬂmﬁw Bihe olPr2 fafRbi)Et-Hitigafid Th{1aPmg; (mxmls aydi)and ahy 4-chloro-

autocl ave 1 n an argon at rmsp ere

B+<B<@butwﬁ@f%§%|/g, %0 mqigﬂst%ﬁ@lfyﬁ yrifegesssd sthanakR0ank-) Afigr flushing
Bicputictiye Faep bdigkedBB s Apefol] dffng g g3 Tl at 4 b

KFJ@H Eeﬁ Presiusé Qﬂlft/@@oblﬁhgiegaﬁrﬁe&npérhmmihe f&fetion )soluﬁén wrdirectly
f i ng the autoclave with argon h enat. i
@aalwqdd)yofaﬁ fewqmsrswnr(@m@ofl@ HHf 2)930@;11) EFS
ur f 1 I b ot h
PusRaE2 3 6] (25 R, Cfrfod RATYFARERUBEN 1o,

conversion (columm: HP-101 25 m/ 0.2 mm) and ee

colum: Lirodex-E 25 m/ 0.25 Conversion is
S’qag%l&i! 1:dN-AgetylD-ghopylalanine -

In a 15 mL autoclave in an argon atmosphere bis(benzene)dichlor-ruthenium (2.6 mg,

0.005 mmol), (+)-ligand Ia (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 (column: Bischoff Kromasil 100 C8) and enantiomeric

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

Example 22: N-Acetyl-L-phenylalanine

In a 15 mL autoclave in an argon atmosphere bis(benzene)dichlor-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 dissolved in degassed methanol (5 mL). After flushing the autoclave
with argon hydrogenation 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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Exanpl e 20: (5)-Ethyl 4-chloro-3-hydroxybutyrate In a
150 nlL aut ocl ave under argon at nosphere

whe@elea7sopr opyl - 4- met hyl benzene) di chl or or ut hePCT/RPZ085/806063

ng, 0.012 mml), (+)-ligand Ic §14 4 mg, 0.025 mmol)
and ethyl 4-chloro- 3-oxobutyrdte (0.83 g, 5.0 mmol)

is dissolved in degassed ethanol (30 nlL). After

frésicd anglys&Edb dyaHlPMéj Y eomefdiblﬁﬂ’cgmihrh ‘Bﬂidhgﬁllﬁbnﬁ@ll 180 C8) and
carried out durin at 80 _C and at 4 bar dr ogen

SR IOREEIC SAPESS r(cq,ler@m Ngclﬁqd%@om&%ﬁmmlé feat a1 e of 66%.
reaction solution is directly analyzed by GC for
conversion (colum: HP-101 25 m/ 0.2 nm and ee

(Bampre 23 MMA&@a&ﬁnm#pl&n&Epmﬂlonmuﬁmtm ester 100%

at an ee of 80% Exanple 21: JV-Acetyl-D ph a
p ad S pefrputgclaye IsafearEen AMosphisn b ﬁﬁln%wgpsﬂ@%adelene) Hhodh mi)

?étfaffﬁlsgangﬁ% f. ggiggb do%gﬁ@g}q}- &g%ﬁ 1542 £4n £ X005 i) and methy!

28@ehydamiogicimaniate @diod, 05.1hihod), is disSolnerbin)deigassed methanol (6
di ssol ved i.n degassed nethanol (5 nlL). After flushi

D). A Apahiee Hesiasiays i HEUY R FRPR 1S AR da o 15 h
lolghdtf Fh}a@fq(ﬁ‘g g %@Qu?et At E’(?Jhn?Xg S tenb P tRe reaction
ter cooling tenperat ure

he reaction
solutibh mvwomtmlmdah@nbsﬂnd andhgsed byiHRIC forajopr@siohycolumn: Bischoff

Rramanl 0] SR b BB e p S SR G Bipgent S5/
OV RS @B‘n‘}ésﬁl@fé%O@% /n@e 00H348% Exanple 22:

JV- Acetyl - L- phenyl al anine In a 15 nL autoclave in an
argon at m)sphere bi s(benzene) di chl or-ruthenium (2.6

0. 3.2 ng, 0.006 nmol)
ﬁ{i‘"ﬂ-"f )%%(ZX%}'P@QW& E“&é‘. fd (0.53 g, 2.5 mol)
iR adisSa0 |aMﬁ>dlakrB iflagasse dintoephse bis(1 5-C5Td;lboct£dlt:@) d1(1r1d1um(I)
flushi ng the autoclave with argon hydrogenati on

slighlorade) 98% @it mgg0.950 ﬂm%ﬁl) f-lezand da éltl Mm% 8026 Wf*‘e}b@ﬁnzylamme

e B 0l R B R (R B Al 121 & 10 mmoD i

ahabhee th Bygakild@néthinot (@) shdstirfedofot b at Bosctemipbrature. After

Kromasi| 100 C8) and
flushing

L_.-

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)-/V-Benzyl-1-phenylethylamine

In a 15 mL autoclave in an argon atmosphere bis(1,5-cyclooctadiene)-di(iridium(T)-
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 mmol) 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 15 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 10%.
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enanti omeri c excess (colum: Nucl eodex b-PM.
Conversion is 34%at an ee of 66% Exanple 23: (

W0 2@6/4e2y| ami no- 3- phenyl - propi oni ¢ aci d met hyPCEEPED5/006063

In a 15 nL autoclave in an argon atnosphere bis(|

, 5-cycl ooct adi ene) -rhodi um(1) 2%trafl uoroborate (1.9
rrg, 0.005 mmol ), (+)-ligand Ic (2.8 ng, 0.005 mmol)

Eﬁﬂm iﬁv ?mmeﬁ%ﬂﬁﬂétﬂﬁkmlnﬁé nnanat e (0 10 g, 0 5

|sso ved in de%assed met hanol

Bliaqsmcwrglowtédlam)dbp@wal(mn etrpilombarats bg&a QtOP% ﬁﬂ%‘ and ligand
&3 elrg éﬁ? éng, (?)lérljnﬁll%l 12 Hls?olve%Smg r?ﬂ %egérssgd B@{haﬂcquﬁ 99S'L

rcollng 0O room ature

ﬁﬁ@&hi@lﬁhc&ﬂ higloh Qﬁnb@héﬂé&pﬁhﬁhﬁlﬁt&ﬂnﬁté (07 %, e51 Hge0.9 mmol) is added
anal ysed HPLC for conversign (columm: Bischoff
Kmsgf? Aﬂ%ﬁ@ﬂ@@maﬁw joczvervh @gatmhy FRgeRationas gargied out during

gs 3 Cébﬁ) ggf Egﬁ@(ﬁgmr&ﬁ%@ 0 reaStRRB IR0 s HRechYARalysed by

(€] fdrVorB.%Pslcyﬁ (dohnimer}yﬂ’aohys anh2 km pantGenahtiaencésess (column:

i h
Il\&cggfé}’@?ﬁg?n]a %“?ngegBEﬁarPM t{ﬁ?@%@ GPisrsion isd00Ypy,ap ge 9f 30%.
ng, 0.010 nmml), (+)-ligand la ( 11.0 ng, 0.020 nmol),

"benzyl am ne (5.6 ng, 0.052 mmol) and

[Eifah@mizrs d(R)l-mlinetlimWéthylsyédinkgne) amne (0.21 g, 1.0
t 5
Bt SesrclogFianal Moy IR AF oL R a1, RIS ARAGD AR

g 19%% (% 1k, 91088 MAYY ARABEAIVeA S%Edégds&ﬁl Aethanol in a 15 mL
h at” 30 C and at 50 bar hydr E@essu e.

'ﬁhteclaeemmdem argoalatmpspheres Difnethyt itagonata I(S/ 249 pgpol) is added

HP- 101 25. /
ST gt s TRt o Bt ieteeth Rt s epsisd oyt during
Pfg it EM°@Q1%Q @f 4 bar BRAYEMSréRules TAORYetédn dluth io ﬂlré’&% analysed by
Exanmpl e 25: (5)-7V-Benzyl -1 -phenylethylamne In a 15

1GC ﬁmcgqusagn (qohgnnd;l@-dﬁl ap mégﬂ@@) and enantiomeric excess (column:

?\/Iacglef -I\?a}/gel %?ucieo% 54 %%?a—lq\/l(('l(rlidé)'/ﬂn&l)ﬁversmn is 60% at an ee of 24%.
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di chl oride) 98% (6.7 ng, 0.010 mml ), (+)-ligand Ic
(5.7 nmg, 0.010 mmol ), benzylam ne (5.6 ng, 0.052 mmol)

wa@pasesenzyl -i V- (| - phenyl et hyl i dene) anmi ne (0. PAT/GP2025/6063

mmol) is dissolved in degassed net hanol (5 nL) and
stirred for Ih at roomtenperabure. After flushing the
autocl ave with argon hydrogenation is carried out
@%Ihingg 15 h at 30 C and at 50 bar hydrogen pressure.
The reaction solution is directly anal ysed by GC for
conversion (colum: HP-101 25 m/ 0.2 mm) and

nant i omer i XCess I ; : : ine i
ot o PRGSO A et e HIRRGE bR BRSHne ligands
10% Jexadiekauid6: () - Di met hyl net hyl succi nate

Bi s(I,5-cycl ooctadi eng)-rhodiun(l) tetrafluoroborate

(2.1 ng, 0.005 mmol )innd ligand (+)-1c (3.1 ng, 0.005
nmol ) are di ssol ved in nm_. degassed nethanol in a 15

mL aut ocl ave under argon at nosphere. Di net hyl

Itaconate (97% 0./ pl ) is added via

syringe. After fl V¢ ocl ave with argon,

#iring 15 h at 23 C and

1GE e reaction solution is
directly anal ysed J 3¢onversi on (colum: HP-101

25 m/ 0.2 mm andagahntig{%e?% c excess (colum:

ilvgc 2‘3{9%1&{\1{81%; lC'@,e-g 5 |1 gg eﬁ@%’g a}'@’éﬁ%‘@% g@sﬂ&%ﬁ%f%tﬁ 1088 or more

[ I s(l,5- I di - rhodi I
ot A TARARR, S0 05 1 g 0005 mmal) and (+)-1 band

b (R #ndiy ar®iependently seleetedfromghe awpuprronsiptingrigadsEeo-cyclo-

met hgapal in, a 15 aut ocl ave.,under . .

o ot Rl S e oy o 151 U85 it RRRRG it on o
Vi a S¥%fd H8&itudit §dledtbd/ ibinitHe Eldap auhisiging\of haloigln atogsnnitro, amino,
hydrogenation is carried out during 15 h at 23 g an]g

at 2Cbanlkly @hegloxyrand dirCes-atkylaniag gups agdicaeh Grs-pikyl

directly. anal d for nv ' i2 conall
25 l'ﬁ'ékﬂx%ﬁg'%zﬁﬁ%éﬁqooa%r%’g' 0 g‘&% &S lgﬂﬁ% Al R Ghionally
Machggigy sivatiked Wik beoeExoRsiatogeMa@ER)0/ 4) . Conver si on

is 60% at an ee of 24% C ai ns

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

bromobiphenyl

Br Br

O O )

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
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1. A process for the preparation of asymmetrically
substi tuted biaryl di phosphi ne ligands of the fornmula R

wob@ee2a12R1l i s Cl-6-al kyl or C3-1o-cycl oal kyl PCT/EP2005/006063

optionally substituted with one or nore hal ogen atons,
and R2 and R3 are independentl96selected fromthe
group consisting of aryl, C5-1o-cycloal kyl and

Q*-al kyl, wherein each aryl noiety is optionally
substituted with one nore substituents sel ected
fromthe group consistidggpef hal ogen atons, nitro,

am no, -6-alkyl, C -6-Alko and di -G - -al kyl am ngy

6-
groups, and each CJ-6-g I -al koxy, di-C
“al kyl ami no and C¥ 10- Oyelg group in R2 and R3
optionally bei ng shbst N wWth one or nore hal ogen

atons, conprising a fi¥st ¥Veaction sequence, wherein

one bromine atom of 2, BT BS 6' -tetrabronobi phenyl is

exchanged wi th ORlby hal ogen-netal exchange and

subs edesm Rivistasldefigett ahoyeexchange, fol | owed by an

al kyl a%li on, to af.ford a conpound of, fornul awherei,n Fil oty of th
i s adPYBFPHBN TESBYR U A 8‘&%‘&“%%8’818‘?%%0‘&@38%%%? morety ot the

wher @bipOifl &I fBFhi1e IO 8} Bhn@ACH tIRToMine B ilogeRimdtlleex change and
conpound of fornmula IV is exchanged with iodine b

hal ogebseqeanametal-dorhingexcharges tihaféerd ermompetiad of foann
exchange, to afford a conmpound of formula and further
reacti on sequences, erein each reaction sequence
conprises at |east one aﬁpgen-netal exchange and
subsequent netal -substjtuent exchange with the
respective substit g3y exchangi ng t he

G ubstituents sel ec{ed
dr ogen and

di - C5- 10- cycl oal kyl phokphi no.

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;¢-alkylphosphino and di-Cs.jo-cycloalkylphosphino.

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.
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2. The process of claim1, wherein the first
hal ogen- nmetal exchange is carried out with one

weowswed7ent of n-butyllithiumat a tenperat ur ePUBEERM05/006063

-40 C, the netal -hydroxy exchange is carried out by

reacting the netall ated intern@giate with a borane or

or ganobor at e and subsequent reaction with a peroxy

donp@ha grdcesstdfelgimesars; evhefeimtheglekatyi coanedtind isemlected from the group

al kali hydroxjde, and the alkylatiaon is. carried out .
i t heansising pf by Sth et dp-Pordretip peidaeblospPesbg58ic acig and
The ?Jrg-ﬁﬁt?%&f)xiﬁ y of claim?2, wherein the borane or

or at

or gano I's Tiuoronethoxyborane ethyl ether adduct
or trinmethyl borate.4. The process of claim2 or 3,

ERTRL T AT L
m Chh%&b??@ﬁxléﬂfl&lléﬁ!hmi@&z&t dinteliyl ¥hifper oxi de. 5. The

process of any of clains 0 4, "wherein the
al kyl ating agent is a Cl-6-al kyl halide, a

%égg‘bg\ﬁgc#c%al alayr(])g lf:]lg}qﬁ%f g) ? ,Lvﬁ?efr%%]&? lgllle{qﬁioﬁi'éneeséxcﬁgnege of the second
et akedcA6h SRuetn# Batic@but WRh SEI6 dné BRE bi BmEMEHSDBERE per
is carried out wwth at |east one nol of elenentary

i odi reuipgentefumsiall ent of netal. 7. The process of any

of clains 1 to 6, wherein a further reaction sequence

is carried out starting with the conpound of fornula

Vi, CQmBpisdesidofany @R claBRPE (R, urleerbialadiaheratation xefi@ngeis carried out
of one iodine atomof the aryl noiety containing two

hal og@ring witk therempepad el formuleeY.omprisig Inw tenperaigehalogen-
to af £ . f rei i S

dof | BB RE B o SR fhe Byl hnlalifi wo halogen atoms
consiafid utgeqientimytal-phssphihrecy chavgb kylaffantla Gmpowmdiofformula
wherein the aryl noiety is optionally substituted with

one or nore substitBapts

O Br
Q O ;
1 PR,

wherein R! is as defined above, and

R? is selected from the group consisting of aryl, Cs.jo-cycloalkyl and Ci.s-alkyl,
wherein the aryl moiety is optionally substituted with one or more substituents
selected from the group consisting of halogen atoms, nitro, amino, Cy.¢-alkyl,
Crs-alkoxy and di-C;¢-alkylamino groups, and each C,.¢-alkyl, C;.¢-alkoxy, di-
C;¢-alkylamino and Cs.jo-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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selected fromthe group consisting of hal ogen atons,
nitro, am no, Cl-6-alkyl, C -6-al koxy and

wa@leeoees2al kyl am no groups, and each Cl-6-al kyPCT/EP2005/006063

Q- al koxy, di- G -6-al kyl am no_and Cs”™o-cycl oal kyl
group in R3 optionally being sébstituted with one or
nor e hal ogen atons, and the renaining iodi ne atom of
the conpound of fornyha VI is replaced in a | ow
tenperature halogen-nétal exchange and subsequent
nmet al - phosphi ne exc %, BXo afford a compound of

i : ngd above, and R2 and ¥§
are i ndependently Nt he group consi sting
of aryl, C5-10-cy 3 1- 6- al kyl, wherein each
aryl noiety is optionally gubstituted with one or nore
substituents selecQﬁ_zﬁroRﬁfne group consi sting of
hal ogen atoms, nitro,?am no, G -6-alkyl, C - -al koxy
and di - C1- 6- al kyl am no groups, and each C*-al kyl,
Ci - 6whktetxR! isdis-defingl atloig, aadi no and C5- 10- cycl oal kyl

group,in and., R3 i onal | y bei substituted w th

one B afh Ko afanaino Gty e Foh % cE0HR HoonG e oo Cso-cyelo-
at ompk1 mﬁ@ﬂﬁﬂy Merin E2n A dnotktl i SptichRlASEAtiwitddwith one or
hydrogén by high” tenperature hal ogen-netal exchange .
and m9ibs supsttents seleeted fromi thi geoupreonsistingoridalogen atisppigro, amino,

[ f.f wher gi .
T T Bl oo i i,
7, woggaikexyhd-talapgamimtad @Gnelcydiealkit gbupinds dRe optionally

exchange sequences each are carried out using two
equi beinsrelstigied with ose pemorskalegramiams.,g. The process
Of | Chitd e fedthinfho HORER dloi 38 thd QMhifoBHPSE MG VIL is replaced with
halogen-ne?a exc ange 1s carriedout wth

n- buhydrogéhbyhightterapdratopechaidgenanétel exchanh@ afid subsequent reaction with

f bl th
pre grp?otor){ dcl)r?or, toeafford ligands of formula

1

R\
O
() L
2 3
R),P PR,
wherein R}, 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 equivalents of the respective

agents.

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



range of o -90 C 10. The process of claim7 or 8,
wherein the high tenperature hal ogen-netal exchange is

w@arosioexizout with n-butyllithiumor t r -butyl PCT/BP2005/006063
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at a tenperature of at |east +0,C, preferably in the

range of +0 to +40 C. 11. The d%%cess of claim7 or 8,

wherei n the netal - phosphi ne exchange is carried out

ub§-nglhe pregesppbdpim Aer 8f whereinfthe m%éerxpgawm halogen-1retal exchange is

\éwaﬁgleéaxgx%eg duf wifd,2h tg%higé\ﬁgri tgﬁ-b%hgf.itglgugﬁq %Sa?%gngggag&rg of at least +0 °C,

are or erein
def i neefeabbyvia.thd Zangd be-+0kO€sE3COf claim 11, wherein
t he hal ophosphi ne of the fornula VIIl is selected from

the group consisting of

hal odjy- ( .0 1 oal kyl ' . . .

N ot et i 20 A IORRIL RSB0t g ied o
gr oupust@nshaiéphogplahe ohthefadiuty cl ohexyl phosphi ne,

br onodi cycl ohexyl phosphi ne, chl or odi phenyl phosphi ne or

br onodi phenyl phosphi neX 13. The process of any of

clains 7 to 12, wherei h the hydrogen donor is sekﬁﬁted
fromthe group con;%;t? of Cl1-3-al cohols, water, HC

and Cl1- 3-al kanoi c i ds. "14. Conpounds of fornul a

wherein Rl js -6-al kyl. or C3-1o0-cycl oal kyl )
opt i SHRErFY &ﬁwgfqrtn@t Iyipq oF ighiae and Rewecapl Babare R R > wherein

andRZ%: Qﬁ%gé‘ésedéﬂ?l‘éﬁ%é%?m ly selected fromthe group
consi;?#hg of aryl, C5-10-cycloal kyl and G -6-al kyl,

wherein each aryl noiety is optionally substituted

11 h . gne or nore substituents .sel ected fr he gr .
el TR <ot OBt o YOS T Do o e forgdy R i seected
- gl ﬁ???éﬂ}eaﬁguﬁborﬁﬂstiﬁg BF K:b&IC1Q,-8y BoHYSy1)pABSh RS And halo-
- - a ,
diaryﬁ)hosphines, 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 C,_s-alcohols, water, HCI and C,;_s-alkanoic acids.

14. Compounds of formula
1

N\

O
(<) L
®),P PR,

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

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

wo@r®6002720r € hal ogen atons. 15. Conpounds of fRCTEPR05/006063

wherein R1 is C*-al kyl or C3-10-cycl oal kyl optionally
substituted with one or more hadPogen atons. 16.

Conmpounds of fornula wherein Rl is -6-al kyl or

C3- 1R? ﬁwkbaieﬁiydepemldndyah]leyte& diongths goatp damsisﬁlng\bf drylp fig.10-cyclo-
or nore ge .and R3.is selected .

gr ou )cﬁ’@ Q;‘,téraﬁ]@% eacb:gry 611q.}§;ér|1%%@tma 1 @ %ﬂ“uef‘ed with one or
Sﬁlblg%ﬂlotreu%ﬁggﬁﬁéﬁ{ﬁ @a@&e@f%ln tﬁ@@ﬁ}u}b‘) dofisi r%(ﬁflﬁldg)én atoms, nitro, amino,

one or nore stituents selected
f r onCy helkyt, €lp-atianyiand idivg 1 efallyddoige graipspad aach Cog- a}kyl
o s L S LS AL St
C1- GBQEFF&@W #1H ofiS of RiofyEdiGnkydm@roup in R3

opti ona g substituted wih one or nore hal ogen
atons. 17. Cbnpounds of formula wherein Ris Cl-6-alkyl

10- c optionally being substituted with
gﬁngP H§%@@§H atoms, and R and R are
|ndependently sel ected fromthe group consisting of
aryl, C5-10-cyc|oaIH§K and Cl-6-al kyl, wherein each
aryl noiety is optionaDl Brsubstituted with one or nore
substituents sel ected/fron_the group consisting of
hal ogen atons, nit 6- al kyl , Cl-6-al koxy and
di - G - 6- alkylawino 1 each d-e-alkyl, Q V,

- 6- al koxy, di-Cl-6-3 o and C5-10-cycl oal kyl
group in R2 and R3 optjional ly being substituted with
one or nore hal ogen atons.

wherein R! is Cys-alkyl or Cs.jo-cycloalkyl optionally substituted with one or more

halogen atoms.

16. Compounds of formula

i

R\
O Br
1 PR,

wherein R! is Cy¢-alkyl or Cs.j0-cycloalkyl optionally being substituted with one or
more halogen atoms, and

R3 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,
Cj¢-alkoxy and di-C;.¢-alkylamino groups, and each Cj.¢-alkyl, C;.¢-alkoxy, di-
C.¢-alkylamino and Cs_jo-cycloalkyl group in R optionally being substituted with

one or more halogen atoms.
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18. Use of conpounds of fornmula I, wherein RL is
Cl-6-al kyl or C3-10-cycloal kyl optionally substituted

wowah/oaT1e or nore hal ogen atons, and R2 and R3PEF/EP2005/006063

i ndependently selected fromthe group consisting of
aryl, Cs- o-cycloalkyl and - -allkyl, wherein each aryl
noi ety is optionally substituted with one or nore
slibstCdmmninds s&foemtilad from t he group consi sting of

hal ogen atons, nitro,pam no, Cl-6-al kyl, Cl-6-al koxy
and di - C1- 6- al kyl am n%\groups, and each Ci-6-al kyl,
Cl- 6-al koxy, di-Cl-6-al kylggm no and Cs”™o-cycl oal kyl
group in R2 and R3 optifnal \y being substituted with

one or nore hal oge 0 he preparation of
' 0 ansition netal s,
or iridium VL,

catal ytic active
preferably of ruthe

®),P PR,

wherein R' is C;¢-alkyl or C;.10-cycloalkyl optionally being substituted with one or
more halogen atoms, and

R?* and R? are independently selected from the group consisting of aryl, Cs.jo-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,
Ci6-alkyl, C¢-alkoxy and di-C;.¢-alkylamino groups, and each C;.¢-alkyl,
C1.-alkoxy, di-Cj¢-alkylamino and Cs.jg-cycloalkyl group in R? and R? optionally

being substituted with one or more halogen atoms.

18. Use of compounds of formula I,

1

A\

0
a0
®),P PR},
wherein R! is Ci-alkyl or C;_jp-cycloalkyl optionally substituted with one or more
halogen atoms, and
R? and R? are independently selected from the group consisting of aryl, Cs.jp-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,
Ci¢-alkyl, Ci.¢-alkoxy and di-C;.¢-alkylamino groups, and each C;_¢-alkyl,
C1¢-alkoxy, di-C_-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.



